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FOUR YEARS OF ROAD BUILDING 
UNDER THE FEDERAL-AID ACT. 


By THOS. H. MACDONALD, Chief of Bureau of Public Roads. 





PENETRATION MACADAM ROAD, FEDERAL-AID PROJECT NO. 67, BERKELEY COUNTY, WEST VIRGINIA. 


N July 11, 1916, President Wilson signed the 
measure generally known as the Federal-aid 
road act, under which the Government has 

since cooperated with the States in the construction 
of highways. For nearly a century previous the Goy- 
ernment had taken no part whatever in the improve- 
ment of the roads of the country. By signing the road 
measure, therefore, the President gave his approval to 
a radical departure from existing governmental policy. 
The new policy did not contemplate the construction 
of Federal roads as a separate system apart from the 
systems of State and local roads; on the contrary, it 
aimed to stimulate the construction of the roads of the 
country through the agency of State highway depart- 
ments. 

After four years of operation under this plan it is 
appropriate that we stop for a moment to review the 
methods which have been adopted by the Government 
and the States in putting into effect the purposes of 
the act; and to examine the progress that has been 
made toward the goal that was set. 


OUTSTANDING RESULTS OF FEDERAL AID. 


In spite of the delays incident to the prosecution of 
the greatest of wars; in the face of strikes which have 
crippled the transportation systems of the country and 
reduced the output of necessary materials of construc- 
tion to a degree unprecedented in the history of the 
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Nation, the program of cooperative highway construc- 
tion, laid down in 1916, has been adhered to and the 
results which have been obtained thus far stamp the 
plan as an unqualified success. 

One of the earliest and most far-reaching results, 
directly attributable to the act, was the creation of 
adequate State highway departments in 17 States, 
which previously had either no State department at 
all or which had departments insufficiently equipped 
to perform necessary functions. In one year, after the 
passage of the act, more constructive State highway 
legislation was placed upon the statute books than had 
ever before been enacted in the history of the country 
in a similar period, and a condition was brought 
about which otherwise would not have been reached 
in 5 or 10 years. This legislative activity was a di- 
rect consequence of the conditions imposed upon the 
States by the Federal aid act. 

The insistence of the Government upon the con- 
struction of Federal-aid roads under the supervision of 
engineers of the State departments has resulted in the 
placing of more and more of the road work of the 
country under skilled supervision. In 1915, the year 
before the Federal-aid act was passed, only 30 per 
cent of the expenditure for roads and bridges built in 
the United States was expended under the supervision 
of State highway departments. ‘This year the State 
departments will exercise control over fully 80 per cent 


| 


of the large sums that will be spent for road construc- 
tion. 

In 1915 the total expenditure for roads and bridges 
by all the States and local governments was only 
$267,000,000. This year it is estimated that the funds 
available for main road construction are approximately 
$633,000,000. The willingness of the public to appro- 
priate these greatly increased sums is largely traceable 
to the confidence which has been inspired by the crea- 
tion and strengthening of the State highway depart- 
ments, the immediate cause of which was the Federal- 
aid act. 

The manner in which the large sums of Federal 
money have been apportioned among the States is 
an accomplishment which has seldom been referred 
to, but it should be, nevertheless, a source of gratifica- 
tion to all the agencies which have cooperated in the 





work. In all, the sum of $266,750,000 has been 
divided among 48 States to the entire satisfaction of 
all interests involved, and without the slightest sug- 
gestion of impropriety or the least suspicion of favor- 
itism. | 

The actual road operations under the act thus far 
involve the approval of projects the aggregate length 
of which would span the distance between New York 
and San Francisco nine times, and the estimated 
cost ‘of which is greater than that of the Panama 
Canal. Under construction at the present time there 
are 15,944 miles of road, equivalent in length to five 
roads from the Atlantic to the Pacific; and the 
equivalent of 5,500 miles of road has been com- 
pleted. 

Sixty per cent of the total allotment of Federal 
funds which has been approved to date will be spent 
for roads of such durable types as bituminous con- 
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crete, Portland cement concrete and vitrified brick; 
and these roads when they are built will increase by 
7,600 miles the total of 14,400 miles of roads of this 
class which existed in the whole United States the 
year before the enactment of the Federal aid law. 

In their contract with the Government the States 
have given assurance that every mile of road con- 
structed will be properly maintained; in fact, the re- 
quirements of the Federal aid act have been directly 
responsible for the enactment of laws in a number 
of States providing specifically for the maintenance 
of all roads constructed, whether with or without Fed- 
eral aid. 


IMPORTANT PROVISIONS OF THE ACT. 


The sum of $75,000,000 which was appropriated by 
the original act for rural post roads was made avail- 
able in installments at the 
rate of $5,000,000 for the 
fiscal year which ended June 
30, 1917, $10,000,000 for the 
fiscal year 1918, $15,000,000 
for 1919, $20,000,000 for 1920, 
and $25,000,000 for the fiscal 
year which ends June{30, 1921. 

The $10,000,000 for forest 
roads was made available at 
the rate of $1,000,000 per year 
beginning July 1, 1916. 

The act provided that a 
sum not to exceed 3 per.cent 
of the post-road appropria- 
tion may be used by the Sec- 
retary of Agriculture for ad- 
ministering its provisions. 

The apportionment of the 
post-road appropriations of 
the States, after deducting 
the administrative fund, is 
based upon area, population, 
and mileage of rural delivery and star routes in 
each State, each of these factors having a weight of 
one-third. | | 

Federal funds may be expended only for construc- 
tion, must not exceed 50 per cent of the value of the 
roads, and in the original act it was provided that 
the expenditure of Government funds could be, in 
no case, in excess of $10,000 per mile exclusive of 
bridges of more than 20 feet clear span. This pro- 
vision was amended by a subsequent act, and the 
amount of Federal funds which could be expended 
was increased to $20,000 per mile. 

The act laid down three requirements with which the 
States were asked to comply before they could re- 
ceive allotments of Federal aid; first, that the State 
legislatures should assent to the provisions of the act, 
or that the governors of those States in which the legis- 
lative bodies were not in session should assent pending 
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the convening of the legislatures; second, that each 
State-should have a State highway department, and 
that these departments should have direct supervision 
over the construction on which Federal funds were to 
be expended; and third, that the Federal aid should 
be met by an appropriation of at least an equal amount 
of State funds. A number of States in turn require 
certain conditions to be met by their counties, such as 
the raising of county funds, the establishment of guar- 
antees as to maintenance, and the taking of certain 
administrative steps contemplated by State highway 


laws. But the Secretary of Agriculture deals only 
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with the State highway department, and thus the 
State in meeting Federal requirements, acts for the 
counties whenever their interests are’ involved. 

An immense amount of preliminary work was neces- 
sary before the terms of the act itself could be put into 
operation. First, the Secretary of Agriculture was re- 
quired to apportion the Federal funds for the first fiseal 
year to all the States, and in doing this it was necessary 
that he ascertain from the Postmaster -General the 
“corrected”? mileage of rural delivery and star routes, 
as these formed one of the factors of apportionment. 

The act next required the establishment of rules and 
regulations, and, in their preparation, it was necessary 
that the views of the several State highway depart- 
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ments should be given careful consideration. The act 
was approved July 11, 1916, and 10 days later, July 
21, 1916, the certificate of apportionment was issued. 
The rules and regulations, prepared after a conference 
with the State highway officials, were issued September 
1,1916. After that it was necessary to ascertain which 
of the States were equipped with highway departments 
within the meaning of the act, and to await the assent 
of the State legislatures to the provisions of the act, 
or of the governors pending the convening of the legis- 
jatures in those States in which the legislative bodies 
were not in session, so that it was 1917 before actual 
construction work could be undertaken un- 
der the terms of the act. 

At the outset the States were required to 
settle upon a definite system of roads in the 
construction of which they would ask for 
Federal aid. These systems were selected 
and maps of them were submitted to the Bu- 
reau of Public Roads. “Except in about 5 
per cent of the projects where the desirability 
of revisions in these systems has since been 
made evident, the apportionments of aid to 
the States have been expended upon parts of 
these systems. These systems involve about 
214,000 miles of road, or only about 8 per 
cent of the total of 24 million miles of road in 
the United States. 

This work had hardly begun when war 
with Germany was declared on April 6, 1917, 
and from that time until the signing of the 
armistice, 19 months later, the energies of the 
Nation were directed to the winning of the 
war. Other interests were subordinated to 
the one great aim; and Federal aid road con- 
struction was curtailed, wherever possible, to 
release vitally necessary men and materials 
for the more important purposes of war. 


PROVISIONS: OF THE 1919 LAW. 


Something over three months after the 
signing of the armistice, on February 28, 
1919, the President, in signing the Post 
Office appropriation bill for 1920 approved amend- 
ments to the original Federal aid act, which provided 
that the term ‘‘rural post roads”? as used in that 
act was to be construed to mean “any public road 
a major portion of which is now used, or can be 
used, or forms a connecting link, not to exceed 10 
miles in length of any road or roads now or here- 
after used for the transvortation of the United States 
mails * * *,’ and further increased the limitation 
of $10,000 per mile to $20,000 per mile, as stated 
above. 

Prior to the enactment of these amendments no 
project could be approved by the Secretary of Agri- 
culture unless it could be ascertained either that the 
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mails were actually carried on the road comprised in 


the project, or that they would be carried on it within 
a reasonable time after its completion. A large num- 
ber of projects had been submitted by the States 
which the Secretary of Agriculture could not approve 
because of doubt as to their post road status. The 
passage of theamendment with its broad construction of 
the term “rural post roads’’ permitted the Secretary to 


approve these proj- 
eets, all of weieh 
were for important 
roads, and cleared 
the way for a, far 
more logical selee- 
tion of the roads to 
be improved. 

The amendment 
also made it possible 
for the States to 
devise more com- 
pact State svstems 
on which to apply 
Federal aid without 
the danger of having 
parts of the system 
inehigible under the 
original definitron of 
post roads. 

The Post Office 
appropriation bill of 
February 28, 1919, 
carried anadditional 
appropriation of 
$200,000,000 for the 
COs ThUeTLOTN Ot 
Federal aid roads 
and $9,000,000 addi- 
tional for the con- 
struction and main- 
tenance of roads and 
trails in the national 
forests. The new 
Federal aid) appro- 
priation was made 
available in install- 
ments of $50,000,000 
immediately, $75,- 
000,000 for the fiseal 
year ending June 30, 
1920, and $75,000,- 
000for the fiscal year 
ending June30, 1921, 
while the forest road 
appropriation was 
made available im 
three equal installments of $3,000,000 cach, available 
immediately, and for the fiscal years 1920 and 1921, 
respectively. 

The total appropriations made by the acts of 1916 
and 1919 for Federal aid and forest roads, and the 
installments of each by years and the allotments of 
Federal funds to the several States, by years, are 
shown in the following table: 
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FOR FEDERAL AID AND FOREST ROAD CONSTRUCTION. 
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ORGANIZATION AND PROCEDURE. 


Under the law the Secretary of Agriculture is charged 
with the administration of the provisions of the Fedcral 
He in turn has delegated the duty of caring 
for the details of administration to the Bureau of 
This Bureau was at the time of the 


ald act. 


Public Roads. 








The organization under the Chief of the Bureau of 
Public Roads which cares for the details of the admin- 
istration of Federal aid funds consists of a headquar- 
ters force headed by the chicf engineer in the Wash- 
ington office, and 13 district engineers in charge of 


the work in 13 groups of States. The districts vary 
in size. One embraces only one State, California; 
others include four or five States; the largest one 
includes eight States. The district engineers are 
assisted by a number of engineers who have super- 
vision over sections of the district work. Where the 
work is sufficiently heavy to warrant it, one or more 
resident engineers have been placed in a State. Jn 
other districts, men are assigned by the district 


passage of the act, and is now, in closer touch with 
the highway situation and requirements of the country 
as a whole than any other agency in the United 
States. Under any other agency Federal operation 
would have been delayed to permit of the acquisition 
of necessary preliminary data, which the Bureau of 


Public Roads had at hand, ready to utilize without 
delay. 
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engineer to cover special States, but do not have head- 
quarters in those States. These men are authorized to 
approve slight changes in plans which become neces- 
sary as the work progresses, such as changes in the 
size of waterways, location of culverts, slight changes 
in grade and alignment, and even more important 
changes, providing they do not involve the Govern- 
ment in additional expense. By thus making it possible 
to effect minor engineering adjustments on the ground, 
a great deal of time is saved, which would be lost if it 
were necessary to refer such matters to Washington. 
The Federal aid act requires that projects for 
Federal aid be initiated by the States. As the first 
step, a statement is forwarded to the district engineer 
in authority, announcing, in effect, that the State 
proposes to build a piece of road of a certain type and 
length in a certain location. This statement 1s 


known as the project statement, and it is always . 


accompanied by an approximate estimate of the 
cost of the proposed construction. The project 
statement is examined by the district engineer with 
the purpose of determining whether the project 
complies with the Federal aid road act. If, in his 
opinion, it does he forwards the statement to the 
Washington office with his recommendation. It is 
there examined by the chief engineer and his assist- 
186696—20-——2 | 


ants, and, if the chief engineer concurs in the recom- 
mendation of the district engineer, the project is 
placed before the Secretary of Agriculture by the 
chief of the bureau, with the recommendation of the 
bureau, for his approval. 


PROJECTS RAPIDLY CONSIDERED. 


Until the Secretary has signified that the United 
States will cooperate, no further action is taken by the 
State. If the Secretary approves, the State is so 
notified, and it then proceeds to prepare detailed 
plans, specifications and estimates for the work. 
According to recent reports over half of the projects 
handled are passed by the district offices in an average 
of five days. Greater delay at this stage is generally 
due to the necessity for careful investigation to 
determine whether the road proposed is of sufficient 
importance to warrant the expenditure of Federal 
money upon it. When these doubtful points are 
cleared up the prompt passage of the project to 
approval by the Secretary is practically assured, as 
is shown by the fact that 90 per cent of all projects 
received at Washington are passed by the bureau in 
an average of four days. 

After the plans and specifications have been pre- 
pared by the States they are submitted to the district 


engineers, together with a revised estimate of cost 
based on the carefully computed quantities of work 
to be done. A representative of the district engineer, 
either the Federal engineer resident in the State or 
one especially assigned, makes an inspection of the 
site of the proposed work, and on this inspection the 
district engineer bases his recommendation for ap- 
proval or disapproval of the plans. Very frequently 
the Federal engineer does not wait until the plans are 
completed, but goes over the road to be built with 
the State engineer, pencil profile in hand, and he is 
often able in this way to suggest changes in the plans 
as contemplated which facilitate theic approval when 
they are completed. 

As soon as the plans, specifications, and estimates 
are recommended for approval by the district engineer 
the State may advertise for bids and let the contract. 
There may be minor adjustments and changes to be 
made in the plans before they are finally approved by 
the Secretary, but generally speaking the States do 
not wait for all these matters to be cleared up before 
they initiate work on the project. The records of the 
Bureau of Public Roads show that the plans, specifi- 
cations, and estimates for over half of the projects 
are passed through the district offices In an average 
of five and one-half days and about 90 per cent receive 
the approval of the chief engineer in three and one- 
half days. Delays at this stage of the project are 
geenerally due to differences of judgment which are 
serious enough to be given special consideration. 

After the plans, specifications, and estimates have 
been approved, the cooperation of the Government is 
practically assured. The signing of the formal project 
agreement follows in due course, but it is not necessary 
that the work be delayed pending this formality. The 
authority granted by the Secretary to proceed with 
construction before the formal completion of the agree- 
ment has practically removed all cause for criticism 
of the Government on the ground of delay. 

To cover the cost of administrative work of the 
Government, an amount not to exceed 3 per cent of 
the total appropriation for Federal aid is reserved. 
As the total cost of Federal aid projects is more than 
twice the amount of the Federal aid apportionment to 
them, the administrative allowance is really less than 
13 per cent of the total cost of the roads constructed. 


ACTUAL ROAD CONSTRUCTION. 


Up to June 30, 1920, 2,985 projects involving a 
total of 29,319.3 miles of road had been approved by 
the Secretary of Agriculture. The preliminary esti- 
mate of the cost of these projects is $384,916,819.53, 
of which $163,841,503.93 will be approved as Federal 
uid. On the same date 2,116 projects representing 
approximately 15,944 miles had cither been completed 
or were under construction. The estimated total cost 
of these projects in various stages of construction and 
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completed is $200,000,000, and as they average about 
34 per cent completed, the value of the work which 
had been dohe up to June 380 is approximately 
$68,000,000. The projects which have been placed 
under construction since the signing of the armistice 
involve an expenditure of approximately $181,150,000: 
thosé which had been undertaken prior to that time 
involved only $18,850,000. This means that the 
actual construction which has been undertaken in the 
19 months since the cessation of hostilities is nearly 
ten times as great as that which had been initiated 
in the two years and a quarter prior to that time. 

It is interesting to observe that the total cost of 
Federal aid work approved by the Secretary in the 
19 months subsequent to the signing of the armis- 
tice and prior to July 1, which is approximately 
$330,000,000, exceeds by $63,000,000 the cost of all 
road and bridge work done by States and counties 
in the United States in the year 1915; and that 
it is only $40,000,000 less than the total cost of 
the work done by Americans on the Panama Canal. 
The performance of this Government in the construc- 
tion of the canal has been regarded, the world over, 
as a record-breaking achievement in respect to the 
dispatch with which it was carried out. The cost of 
that work was $373,000,000 and it required 10 
years to complete, the rate of expenditure, being 
therefore $37,000,000 per year. That record has 
been equaled by the Federal Government and the 
States in the construction of Federal-aid roads 
since the armistice, for in the time since that 
date—about 19 months—construction work costing 
$60,000,000 has been completed, a rate of expendi- 
ture of $37,000,000 per year. This rate has been 
attained in the face of the worst economic condi- 
tions which have been experienced in a century, 
and in spite of railroad strikes, inadequate transpor- 
tation facilities, and shortage of construction materials 
and labor. | 


CHARACTER OF FEDERAL-AID ROADS. 


The law requires that any construction undertaken 
under the cooperative plan shall be “substantial in 
character.” Further than this the determination as 
to the type of the selected roads is left to the joint 
decision of the Secretary of Agriculture and the State 
highway departments. 

In interpreting the word ‘substantial’? the Secre- 
tary has taken cognizance of the fact that an improve- 
ment which is substantial for one density and kind 
of traffic may not be substantial for another. It has 
been recognized that the types of roads which it is 
desirable to construct in New York, Massachusetts, 
and Pennsylvania are not suitable or necessary for 
Nevada, Idaho, and the Dakotas. 

The fact that the former groups of States have a 
density of population of from 170 to 400 people per 


SIL: 





COM@RETE GRHDGE, PROJECT NO. 95, OHIO COUNTY, WEST VIRGINIA. 


ORIN ..05, EeORING eAsT, THE TROLEEY TRACK 


square mile, while the latter have from less than 10 to 
less than 1, is suflicient to indicate that the road type 
requirements of the two groups are far from identical. 
Such a conclusion is reinforced by an examination of 

the number of automobiles and motor trucks owned 
and operated in the several States in relation to the 
mileage of their roads. Thus in the States of Alabama, 
Arkansas, Nevada, South Dakota, and Oklahoma the 
number of motor vehicles owned and operated is only 
1 per mile of road, while in California there are 8 per 
mile, in Massachusetts there are 13 per mile, in New 
Jersey 13, and in Rhode Island 21. Recognizing these 
facts, the decision as to the type of road which the 
Secretary will approve for a given locality has been 
based in every case upon the traffic which is using the 
existing road and which it is estimated will use the 
improved road. 

The natural conditions obtaining in the several sec- 
tions of this large country are so diverse that an 
attempt to fit a uniform type of road of uniform con- 
struction as to depth of surfacing or width of right of 
way would result in overimprovement in one section 
and perhaps in underimprovement in another. By this 
it is not meant to infer that no effort has been made to 
effect standardization of practices and methods where 
standardization is practicable. On the contrary, as 
early as April 28, 1917, standards governing the form 
and arrangement of plans, specifications, and: esti- 
mates for Federal-aid projects were adopted and 
issued, and all States have since been working in abso- 
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VIEW FROM END OF PROJECT NO. 46 AND BEGINNING 
YO Gee eo WveRED 1O THE GRADE OF THE RGAD. 


lute conformity to these standards in submitting 
Federal-aid projects. Indeed, they are making use 
of these standards in connection with work in which 
the Federal Government does not participate. 

This 1s a case in point to illustrate that the Federal- 
aid plan has resulted in a standardization of proce- 
dure. It has done more: the influence of the Bureau 
of Public Roads has operated powerfully in the stand- 
ardization of the details of specification and methods 
used in the construction of the various types of road 
the country over. The Bureau has been a clearing 
house for the collection and dissemination of the best 
ideas of all the State forces, and through its contact 
with all the States it has been able to raise the stand- 
ard of construction in many States by directing atten- 
tion to improved methods in use in other States. 
But in deciding upon the adequacy of plans proposed 
for particular Federal-aid projects the determination 
as to the type of road which will be constructed, as 
well as to the location, width, and other matters, 1s 
based upon an ascertainment of the facts in the partic- 
ular case, which is as complete as it may be made. 
Such decisions must be mutually acceptable to the 
State highway departments, which look to the inter- 
ests of the States, and to the Secretary of Agriculture, 
who acts for the Government. The result is that the 
Secretary has approved roads of all types and widths, 
from graded earth roads to concrete, brick, or bitu- 
minous concrete, narrow as well as wide; but the 
essential point is that in each case the decision has 


been based upon the best engineering judgment of the 
Federal Government and the several State highway 
departments, which between them employ the most 
highly capable highway engineers in the country. 


TYPES OF ROADS APPROVED. 


Up to June 30 the total cost of all projects ap- 
proved by the Secretary was $384,916,819.53. For these 
projects Federal aid to the amount of $163,841,503.93 
has been approved, the apportionment to the various 
types of road being as shown in the following table: 


Proportions of Federal aid approved for various types of surface. 


Per cent. Per cent. 
Re: ..... nee... ee a 
Sid Clays; -.-- seca. ++ eee eee 3) LOwepyes. 2... soe 26 
Oe ok oc eee es ce ee 15 
Watersound macadam............... 2 
Waterbound macadam, mat-top...... 1 Intent@ewesteae 9 
Biwmous Macadam ........22...--. 5 
Miscellaneous intermediate types.... 1 
Banumiinieierconcr@ter..........%%..-- 6 
Dele I “fits types. os 60 
Miscellaneous high types. .....--..-- 7 
Miscellaneous types...........---.---- i Ses eh ee 5 


If the various types be divided into three classes, 
according to their relative wearing qualities under 
heavy traffic, it will be found that only 26 per cent of 
the Federal aid approved has been allotted to such 
roads as earth, sand-clay, gravel, and others which 
may be regarded as low types. About 9 per cent 
of the Federal money will be spent for such inter- 
mediate types as waterbound and bitummous mac- 
adam, and 60 per cent of all the Federal aid approved 
will go for such high types of construction as bituminous 
concrete, Portland cement concrete, and brick. 

The classification of the mileage of roads approved 
is somewhat different from the apportionment of the 
funds. Such a classification is shown in the follow- 
ing table: 


Classification of mileage approved—by types. 


Per cent. Per cent. 
Me... eben es ee 25 
Memcl-@lay..............0.....5. 11 > Lowetyqmees .........- 66 
i rrr n| 
Waterbound macadam............. 4 
Waterbound macadam, mat-top.... 2Intermediate types.. 9 
Batwmimous*meecadam.............. 4 
Bituminous concrete...............- 4 
CGRMNRIReeeee.. oe... 2.2 17 ps typese .......- 23 
doulike os ww ee ee ee oes Z 
Miscellaneous. . 2 


Ce 2 Sr 9 


Tt will be noted that, in mileage, the low-type 
roads preponderate, though the amount of Federal 
aid allotted to their construction is only about one- 
quarter of the funds alloted for all types. The 
mileage of roads of intermediate type is only 9 per 
ent of the total mileage approved, and 23 per cent 
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of the whole mileage is to be improved with the 
highest classes of construction. 

A large part of the mileage of low-type road which 
has been approved is in projects in sections of the 
country where the pioneering work required to open 
up new territory yet remains to be done. Earth, 
sand-clay, and gravel surfaces have also been approved 
in many instances for projects which it is intended at 
a later date to surface with a more durable material. 
Whatever money is expended upon such projects for 
erading and drainage, which represent the major work 
involved in them, is money well spent for permanent 
improvement. The slight loss which will be sustamed 
from the depreciation of the surface is far less than the 
loss which would be sustained as a result of the failure 
of an expensive surface laid on a new fill. 


MAINTENANCE OF FEDERAL-AID ROADS. 


The Federal-aid act specifically forbids the use of 
Federal money for maintenance of the roads con- 
structed with Federal aid. The States are expected 
to maintain the roads constructed; and to enforce 
proper attention to this important matter, it is pro- 
vided that future allotments of aid may be withheld 
from any State which fails to keep its Federal-aid 
roads in repair. So far it has not been necessary to 
invoke this provision of the law, and it is unlikely 
that any State will, m the future, so far neglect its 
own interest in the roads constructed as to permit the 
dissipation of its investment in the roads by failure 
to keep them in repair. The Bureau of Public Roads, 
however, is making periodic inspections of the roads 
which have been completed, and will continue to do 
so, and the States will be expected to comply fully 
with the terms of their contract with the Government. 


FEDERAL SYSTEM OF HIGHWAYS. 


In the prosecution of this great work the Federal 
Government and the several States have acted in the 
closest cooperation. The dual interest of the Federa! 
and State Governments in the result of the work has 
been recognized throughout. The roads already con- 
structed and any which may be constructed hereafter 
will certainly be of greater importance to the States 
than to the Government at Washington or to the 
United States as a whole, since 90 per cent of the 
traffic which will use them will be distinctly local in 
character. Yet the Federal Government also has an 
interest in the betterment of the avenues along which 
this local traffic may flow. A large part of it is the 
traffic from farms to shipping points and nearby 
cities and towns; and any improvement which will 
expedite this traffic will go far to ease the existing 
critical situation in respect to the supply of agri- 
cultural products. This we must regard as most 
important in these days of high prices of the necessi- 
ties of life and reduced production of the fruits of the 








sol, Whatever works will 
help in the betterment of 
the conditions of rural life, 
the promotion of educational 
and social opportunities of 
our rural communities, and 
the development of the in- 
herent attractions of country 
life, will increase our agricul- 
tural population, and conse- 
quently our production of 
the vitally necessary raw 
materials, 

The Federal Government, 
of course, has a direct inter- 
est in the development of 
interstate roads to accom- 
modate that 10 per cent of 
highway traffic which flows 
across State lines. Previ- 
ously this traffic has con- 
sisted largely of automobiles driven by tourists in the 
pursuit of pleasure, and the need for roads to accom- 
modate it has been subordinate to the-need for the 
local roads which actually promote thesubstantial well- 
being of the country at large; but lately, with the de- 
velopment of the motor truck, the interstate traffic has 
taken on a somewhat commercial aspect, and the im- 
portance of providing for it has increased. However 
this traffic can be taken care of by suitable connection 
of the local roads which are the first necessity—not 
roads to isolated farms, or country lanes for commu- 
nity travel, but roads radiating from the important 
country shipping centers which will take up and bring 
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to the major transport lines of the railways the crops 
of the farmer here, there, and everywhere, which in 
the aggregate make up America’s production. 

The same policy may be followed with respect to the 
military roads which the lessons of recent years have 
shown to be vitally necessary. There is no support 
for the assumption that long transcontinental roads 
will be needed for military defense, a transcontinental 
road which merely crosses the continent is of little 
military value. What is needed is a series of roads 
connecting all important depots, mobilization, and 
industrial centers, which, 2s thus connected, may give 
us a transcontinental route eventually; but the trans- 
continental feature is of sec- 
ondary importance. In the 
main these essential military 
roads coincide with the roads 
required for the development 
of industry and agriculture, 
though in special cases roads 
will undoubtedly be required 
to connect points of strategic 
importance, which would not 
otherwise be required. | 

To assure that all these va- 
rious uses wil be adequately 
provided for, the Chief of the 
Bureau of Public Roads has 
called into consultation the 
several agencies interested in 
the development of roads for 
the several purposes, among 
them, the War Department, 
and the several State high- 
way departments. TheCen- 
eral Staff of the Army and 


the Chief of Engineers already have taken up with the 
department commanders the question of the roads 
which are of importance from a military standpoint; 
an advisory committee of State highway officials 1s co- 
operating with the Department of Agriculture to select 
the most important peace-time roads; and, in confer- 
ence with these agencies, a systematic program of high- 
way development is being worked out for the whole 
country, upon the basis of which questions of priority 
in the construction of roads will hereafter be settled. 
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ASPHALT FILLER IN GRANITE BLOCK WORK. 


A typical granite block pavement has just been 
completed on a section of Battery Place in lower Man- 
hattan, New York. In 1906 this thoroughfare was 
paved with wood block, but under a series of repairs 
the pavement was gradually replaced by granite block. 
This type of pavement was found necessary because 
of the weighty wagon and automobile freight traffic 
on Battery Place between Broadway and the North 
River piers. 

In 1918 the work of putting granite block entirely 
over Battery Place was completed with the exception 
of a part of the thoroughfare which had been occu- 
pied by a large Red Cross storage shed. In May of 
this year it was decided to raze this shed and to tear 
up the old wood block on which it was built. Granite 
block with asphalt filler was the type selected by the 
street department to conform with the rest of Battery 
Place. 

The 6-inch conerete base upon which the old wood 
block had been laid was in fairly good shape. With 
a little filling in of pot holes and leveling off it fur- 
nished a satisfactory support for the new granite 
block. Over this base was spread a cushion of cement 
and sand which provided an even bed for the granite 
blocks. The pavers then proceeded with the laying of 
the blocks, great care being taken to see that they were 
firmly set in the cushion of sand, to prevent the crushing 
of unevenly laid blocks. After tamping the pavement 
was ready for the application of the asphalt filler. 

The asphalt filler was heated in a specially designed 
kettle constructed after specifications furnished by the 
contractor. The kettle has a capacity of 300 gallons; 
is able to cover 500 square yards a day, and is built 
in such a way that maximum benefit is derived from 
the heat. In case of necessity the filler could be pre- 
pared for application in three hours. 

The filler in this particular job was applied in the 
form of a mastic. Equal quantities of asphalt and 
sand, heated to approximately the same temperature, 
were mixed thoroughly immediately before being ap- 
pled. In order to apply them effectively both as- 
phalt and sand were heated to from 350 to 400 degrees 
Iahrenheit. After a homogeneous mixture had been 
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formed, it was poured directly over the surface of the 
blocks and forced into the interstices with a hot-iron 
squeegee. 

In this case only one application of the filler was 
made, but it is often advisable to make two appli- 
cations. The filler settles in cooling and sometimes 
leaves the edges of the block unprotected and at the 
mercy of heavy traffic. As a final step in the con- 
struction, sand was spread over the pavement to ab- 
sorb the surplus asphalt left on the surface. The 
consolidation of this surplus asphalt and the sand 
forms a protective mat which greatly reduces the noise 
of traffic and tends to lengthen the hfe of the pav- 
ment. 

A pavement of this type may. be open to traffic im- 
mediately upon completion. 


IOWA ROADS MARKED. 


Towa counties have very largely decided to put up 
signs along the primary road system. The week of 
July 12 has been selected as road-marking week. 
Iowa’s road number system is similar to that in use 
in several Middle Western States—Wisconsin, Ohio, 
Minnesota, Illinois, Michigan, and Nebraska. In this 
system an important main-traveled road between im- 
portant transportation centers is given a designating 
number, which is painted on telegraph, telephone, or 
specially erected poles at every intersection, turn, 
crossroad between these centers, and also at times at 
points between crossroads. A traveler has simply 
to follow the route number leading to his destination. 

So far as possible numbers on important interstate 
routes through Iowa have been given numbers corre- 
sponding to the number of the same road in adjoining 
States. When Iowa started numbering her roads it 
was found that the Jefferson Highway was No. 1 in 
Minnesota, and that number was assigned to the 
highway through Iowa. The River to River road in 
Illinois was No. 7, and 1t became No.7 in Jowa. The 
Blue Grass trail is No. 8 in both Illinois and Towa. 


MAINE EXPENDITURES. 


Maine in 1919 expended $344,879.58 on State high- 
ways, $1,113,998.67 on State-aid highways, and 
$340,885.74 for bridges, a total of $1,799,763.99 for 
road construction. For maintenance, $344,879.58 was 
spent on State highways and $339,091.88 on State-aid 
highways, a total of $673,971.46. 

In the maintenance work 478 patrolmen were em- 
ployed, 668.60 miles of State highways and 843.72 of 
improved and 2,772.52 of unimproved State-aid high- 
ways were looked after, a total of 4,284.52 miles main- 
tained. In addition, 74.12 miles of State-aid roads 
were maintained under special arrangements by towns. 
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FEDERAL ROAD BUILDING IN THE 
NATIONAL FORESTS OF THE WEST. 


By L. I. HEWES, General Inspector, Bureau of Public Roads. 





WORKMAN'S BRIDGE ACROSS FEATHER RIVER, PLUMAS NATIONAL FOREST, SHOWING BULKHEAD WHICH PROTECTS NORTH 
APPROACH DURING HIGH WATER. 


EST of the one hundred and third meridian 

the people of the United States possess a 

forest of 154,000,000 acres. ‘This forest les 
between the Pacific Ocean and the eastern boundary of 
Montana, Wyoming, Colorado, and New Mexico. Its 
definite Federal administration was established by 
Congress in 1905, and it was subdivided into 6 forest 
districts and 151 separate national forests. 


Within these national forests lie 15,000 miles of 
State and county highways. The improvement of 
these roads and the development of additional sub- 
sidiary administration and fire protection roads con- 
stitutes the national-forest roads project. 

The work of surveying and constructing these high- 
ways was begun in 1914. Funds were then very 
limited and the magnitude of the task was scarcely 
realized, but the program of survey and construction 
has now become one of the most extensive in the 
country. It is directed, cooperatively, by the Forest 
Service and the Bureau of Public Roads of the Depart- 
ment of Agriculture. The Forest Service classifies the 
roads within the national forests, sets up a working 
plan from year to year of the order of improvement of 
various projects, and enters into agreement with the 
States and counties to finance the projects. From 
this point the Bureau of Public Roads takes charge 

and handles the work of survey and construction. 


FINANCING FORE ST ROADS. 


Federal financing of the national-forest road pro- 
gram has been provided for mainly in three ways. 
First, in point of time, by the 10 per cent national- 
forest fund which is made up of 10 per cent of the 
revenues of the national forests and is applicable to 
roads and trails within the forests of the State im which 
the fund originates. This fund in the past eight 
years has amounted to $2,322,225. It may be used by 
the Secretary of Agriculture with or without local 
cooperation. Prior to 1917 most of this money was 
expended for the construction by the Forest Service of 
roads of minor standard but vital to the safety and 
administration of the forests. 

Second, the Federal aid road act of 1916 appro- 
priated $1,000,000 annually for 10 years for the con- 
struction of the roads and trails within or partly 
within the national forests with equitable cooperation 
by the local authorities. This fund has already 
amounted to $5,000,000. 

Third, the emergency appropriation in the amend- 
ment to the post-office act of 1919 provided $3,000,000 
annually for three years for the construction of roads 
and trails by the Secretary of Agriculture. The last 
$3,000,000 becomes available in July, 1920. Roughly 
speaking, then, there had been made available up 
to January 1 of the current year approximately 
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RESTS IN THE@WesST. 
ED PORTIONS OF MAP SHOW LOCATIONS OF NATIONAL FO 
SHAD 


$12,300,000 of Federal 
funds for the construe- 
tion of national forest 
roads. There is at pres- 
ent a total of $6,513,347 
worth of construction in 
progress supervised by 
thee Butea of Public 
Roads, and since the pas- 
sage of the Federal-aid 
road act 30 projects cost- 
ing $2,018,703 had been 
completed. These are ma- 
jor projects only. The con- 
struction of minor roads 
and trails is done entirely 
by the Forest Service. 


AREA AND LOCATION OF 
THE FORESTS. 


The geography of this 
great forest-road  pro- 
eram is indicated by the 
map of the 11 States on 
page 16. These States 
total in area 1,179,095 
square miles, which 
slightly exceeds the com- 
bined area of 15 countries 
of western continental 
Kurope. Over this third 
of our country are dis- 
tributed national forests 
north and south through 
174 degrees of latitude 
and east and west from 
the plains to the Pacific. 
The net forest area is 
208,467 square miles, 
which is over 20,000 
square miles greater than 
all the New England and 
North Atlantic States. 

Looking closer, the 
map will show that the 
shaded forest areas coin- 
cide with the great moun- 
tain ranges. West of 
Denver are massed the 
eastern outposts of the 
Rocky Mountains. Here 
are forest roads at an 
elevation of nearly 10,000 
feet. From Canada along 
the Statelines of Montana 
and Idaho, across the Yel- 
lowstone National Park 
and southward over the 
flat summit of Sherman 
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TOP, A GRADED FOREST ROAD IN OCHOCO CANYON, OCHOCO NATIONAL FOREST. CENTER, NEW 
SNOW ON THE MONARCH PASS ROAD, WHICH CROSSES THE CONTINENTAL DIVIDE IN COLO- 


RADO AT A HEIGHT OF 10,000 FEET. 
NATIONAL FOREST, WASHINGTON. 


BOTTOM, FOREST ROAD ALONG LAKE CRESCENT, OLYMPIC 


Hill extends the Continental Divide through the center 
of continuous forests. Down into Utah east of Ogden 
along the beautiful Wasatch Range the forests con- 
tinue and then beyond the Grand Canyon at the Kaibab 
Forest to the Tonto Forest of Arizona, in which lies the 
Roosevelt Dam, and finally through the Apache Forest 
to the Mexican line. West of the divide in Oregon and 
Nevada are detached forest areas stretching southwest- 
erly along secondary ranges. In the north the forests of 
the Blue Mountains form thesouthern rim of the Colum- 
bia River drainage basin and finally reaching across 
Oregon they join the Cascade Range at Crater Lake. 
The splendid Cascade Mountains themselves are clearly 
marked by areas of forests straight from the Canadian 
boundary across the States of Washington and Oregon 
and into California. JHfere the Sierras continue the 
forest zone southward past Mount Lassen and the 
Yosemite and Sequoia Parks to the Mojave Desert. 
All the western peaks are in this area—Baker, Rainier, 
St. Helens, Hood, and Shasta. 

Beginning again in the north at Puget Sound, the 
ercat Olympic Forest occupies most of the Olympic 
Peninsula and other isolated forest areas follow the 
Coast Range through Oregon southward across the 
rugged canyon of the Klamath River. In Southern 
California near the coast are continuous narrow forests 
of surprising interest, topping for 500 miles the ranges 
back of Santa Barbara, Los Angeles, and San Diego. 

In the Territory of Alaska are the Tongass and 
Chugach Forests stretching from the coast inland to 
the mountain tops. They occupy 20,000,000 acres 
and have 15,000 miles of coast line. 

The rocky structure of these western mountain 
ranges, coupled with the isolation of the projects, the 
dense forest cover and the snow in the passes make the 
construction of roads through the national forests 
possibly the most interesting and probably the most 
difficult road building in the United States. 


ROADS WITHIN THE FORESTS. 


During 1919 the Forest Service made a comprehen- 
sive investigation of the total mileage of existing county 
and State roads lying within the boundaries of the for- 
ests. The following table shows the result of this study: 
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| Already constructed. _ 


If only the roads of greatest duty are surfaced, the 
improvement of an adequate system of roads to serve 
as connecting links of State highway systems and as 
main county laterals and for fire protection, adminis- 
tration, and the development of the forests, will cost 
over $150,000,000. 


ry 
WHY FOREST ROAD WORK IMPORTANT. 


’ The importance of this forest road work-may best be 
realized by a study of some of the salient geographic 
and topographic features of the forest areas. First, 
because the national forests lie along the mountain 
summits they contain roads which must cross the 
mountain passes on all the trunk highways from the 
Great Plains to the Pacific and from the north to the 
south. Except to the westerner and the traveler, the 
the idea of altitude may not carry great significance. 
But the effect of altitude may be realized when it is 
stated that from the Canadian boundary to Helena, 
Mont., there has never yet been built a road crossing 
the Rocky Mountains. Automobilists who visit Gla- 
cier National Park can not drive from Glacier to Bol- 
ton, 30 miles away, until the road partly within the 
Blackfeet Forest along the southern boundary of the 
park is completed. There is no road in the State of 
Washington that can be traveled the entire year 
across the Cascade Mountains between the Inland- 
Empire and Puget Sound and western Washington 
populations. The same is true in Oregon. The only 
all-the-year passable road from the Columbia basin to 
the coast is down the gorge of the Columbia River; and 
at the point where the Cascade Range would cross the 
river a national forest road has just been constructed 
on the north bank from Stevenson to White Salmon. 
There are now in process of construction in the 11 
Western States more than 20 projects, all of which run 
over mountain passes at elevations of from 3,000 to 
10,000 feet. These particular roads involve some of 
the most difficult pieces of construction in the entire 
western road program, and many are connecting links 
in State highways. The McKenzie Pass Road across 
the Cascade Mountains between Eugene and Bend in 
Oregon runs for 3 miles on a mountain top over a 
fresh lava flow on which not a single plant grows. 

Second, every national park in the western one- 
third of the continent is practically surrounded by 
national forests, and motorists can not reach the roads 
already constructed in the national parks unless the 
roads through the forests leading to the parks are 
first constructed. 

Glacier National Park in Montana is bordered by 
the Blackfeet National Forest; the Yellowstone is 
completely surrounded by six forests, except for a 
narrow strip along the railroad branch from Livings- 
ton. Mount Rainier is completely surrounded; Crater 
Lake can be approached only through the National 
forest, although a narrow strip of patented land 
exists on the southeast; Yosemite is completely sur- 
rounded, except for the road to El Porto; and Sequoia 
lies in the heart of the Sequoia Forest. 
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Third, in addition to the national parks within the 
ereat national forests there lie many natural beauty 
spots as yet very little known to the public and to 
which aecess may be had only by National-forest roads. 
Such, for example, is the wonderfully beautiful Lake 
Crescent in the Olympic National Forest. Here, 
within 9 miles of the Pacific, at an elevation of nearly 
500 feet, lies a lake 11 miles long, surrounded by 
virgin forests, which affords possibly the most splendid 
trout fishing in the country. Knowing fishermen 
journey from the ends of the earth to visit this lake 
in the month of April to catch the extraordinary 
‘‘Beardslee”’ and ‘‘Crescenti’”’ trout, yet the new 
forest road which is now under construction as a part 
of the Olympic Highway will, for the first time, make 
it accessible to motor traffic from Port Angeles. This 
road project is in a country where primeval conditions 
have so long existed that the road blasting has driven 
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the deer to new grounds. In Washington is beautiful 
Lake Chelan, almost completely surrounded by the 
Chelan National Forest. The Oregon and Cascade 
Forests stretch southward from the Columbia River 
along the mountain summits through a region of lakes 
and mountain peaks of wonderful beauty. Here lies 
Clear Lake at the headwaters of the McKenzie River, 
and world famed Crater Lake far southward, and 
between them are a dozen snow-capped peaks, such 
as Jefferson and The Sisters. These lakes have some of 
the best fishing in America and are inaccessible except 
to packers and campers. Similar conditions apply to 
northwestern Montana and central Idaho and_ to 
many parts of Colorado and the Southwest; to the 
forests back of Los Angeles and to the exceptionally 
interesting California coast country; particularly to 
the Klamath River in the north, flowing for 60 miles 
through a forest canyon where the placer diggings of 
49 are still visible and at intervals still worked. 
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NEED FOR FIRE FIGHTING ROADS. 


But more important than any of these reasons for 
the construction of forest roads, is the great need of 
forest fire-fighting roads. To those who have not 
seen forest fires, particularly in the Northwest, the 
colossal loss of timber annually can not be realized. 
Hundreds of fires occur annually in the group of 150 
national forests. The duty of the Forest Service is to 
extinguish these fires as quickly as possible; the secret 
of successful fire fighting is to arrive in time, hence the 
need for roads. In the months of July, August, and 
September every man in the Forest Service must be 
ready at all times for immediate service against the 
fire enemy. Two things are most feared, an excessive 
number of small fires due to lightning, of which several 
are sure to get beyond control before they are extin- 
guished, or fires within the heart of the most remote 
and inaccessible forest areas. Sometimes both these 
worst conditions occur at once. Many will 
recall the devastating fires of 1910 which 
were stopped far up the north fork of the 
Flathead by a miraculous snow fall on 
August 27. Similar conditions have since 
threatened the Northwest, notably in 1917 
and 1919. To combat these fires the Forest 
Service has requested the Bureau of Public 
Roads to construct such roads as the North 
Fork Flathead, running 30 miles through the 
Blackfeet Forest to the Canadian boundary ; 
the Yaak project, 25 miles long from Syl- 
vanite through the Kootenai Forest, 
terminating also at the Canadian boundary; 
the Swan River Road, 8 miles long, and 
the Metaline in Washington, 11 miles long. 
All of the roads in the forests are fire-fight- 
ing roads, but 12-foot light built roads of the 
Yaak type are specially designed for fire 
fighting and have already done their bit in 
preventing the spread of serious fires. 

In the area of Idaho north of the Salmon River and 
between Missoula, Mont., and Lewiston he the Lolo, 
Bitterroot, Clearwater, Selway, and Nezperce Forests, 
with a total area of 6,000,000 acres. Here are prob- 
ably the greatest bodies of white pine timber in 
America; and as no roads penetrate the region, the 
fire hazard is alarming. So, a 100-mile road known 
as the Lolo Pass National Forest Road along the trail 
of Lewis and Clark has been begun. This road will 
join Missoula, Mont., with Lewiston, Idaho, through 
an uninhabited region that has already been surveyed 
and abandoned by two railroads. For 12 miles the 
line follows the Black Canyon of the Locksa River, 
where provisions for survey parties are ‘back packed”’ 
from the Powell Ranger station, 27 miles west of Lolo 
Pass. Construction is under way above the town of 
Kooskia, Idaho, where a 640-foot bridge over the 
North Fork of the Clearwater has been finished and 
also 20 miles of road. The road will be narrow at first, 
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but its lines and grades will be determined with a 
view to eventual widening; and it will serve as the 
shortest northern interstate road between Montana and 
the Columbia River, Spokane, Portland, and Seattle. 

Many other fire-protection roads have been begun or 
built since the passage of the Federal-aid road act of 
1916. Such are the 30-mile Coram Spotted Bear in 
Montana, and the North Fork Payette, 20 miles long, 
in south Idaho. The construction campaign began 
with an attack on the mountain passes and the im- 
passable sections of interstate highway at most remote 
points. 

IMPORTANT FOREST ROADS. 


The first forest road contract was let in March, 1918, 
for the Alberton Roadin Montana. This is a section of 
the North Pacific Highway along the Rainbow River 
west of Missoula, which replaces an almost impassable 
road on the opposite side, and will connect all western 
Montana with Wallace, Idaho, and Spokane, Wash. 
The project is 60 feet above the river and required 
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6,600 cubic yards of retaining wall in about 
one-half mile. 

On this same interstate highway in Idaho 
was the notorious “ Fourth of July Canyon 
Road” in the Coeur d’Alene National 
Forest, where Capt. Mullan passed on July 4, 
1865, and inseribed the great fir tree which 
still stands. Twelve miles of this old trail 
has just been reconstructed at a cost of 
about $200,000, and for the first time in 
the history of north Idaho a good road exists 
through the difficult region between Spokane 
and the Coeur d’Alene mines. From the 
hills on this highway are extraordinarily 
beautiful views of Lake Coeur d’Alene. 

Proceeding farther west on the north 
bank of the Columbia River Highway in 
the Columbia National Forest between Cooks 
and Collins in Washington was 64 miles of 
impassable road. This project lay so close 
above the railroad that material blasted 
from the basalt ledges had to be very ecare- 
fully handled to prevent accident. One 600- 
foot through cut in rock 80 feet above the 
track practically overhung the rails. It 
was 30 feet in depth at the maximum point 
and required 11 months of continuous work 
to excavate aroad 20 feet wide. The finished 
road is surfaced with gravel and carries a 
large traffic. Eventually it will be surfaced 
by the State of Washington with concrete 
as a part of the interstate highway between 
Portland and the east via the Northern 
route. 

Passing into Oregon, between Portland 
and the California line, south of the old stage 
station at Canyonville, lay possibly the most 
difficult section of the Pacific Highway. Here a danger- 
ous, crooked, and at times impassable road wound up 
Cow Creek Canyon and across a low summit to connect 
with Galesville. Twelve miles of this road has now been 
thoroughly graded at a cost of approximately $210,000 
and will be surfaced by the State of Oregon. Over the 
canyon on this road will be built the first concrete arch 
on a national forest road with a 130-foot span. The 
McKenzie Pass Road between Bend and Eugene in 
Oregon has been mentioned. Contracts for 30 miles 
of this 70-mile road have already been let, and the 
work is well along. A most obstinate section, which 
will begun shortly, hes on the summit of the Cascade 
Range at an clevation of 5,000 feet. Here the most 
recent lava flow in the United States has covered an 
area many miles in extent. This lava field terminates 
along a definite line, a part of which is followed by the 
new forest road and to motorists the appearance of the 
entire area suggests that the flow might have just 
occurred. Across this lava flow the construction will 
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be entirely in rock and one location is no worse than 
another in point of difficulty. 


SPECTACULAR KLAMATH PROJECT. 


In California perhaps the most spectacular forest 
road is the Klamath River project, 42 miles in length, 
within the Klamath National Forest. The road fol- 
lows a deep canyon on the hillside, at times passing 
through stretches of solid granite. It will be 12 feet 
wide and will open to travel the country between 
Yreka and the sea for the first time. Along this 
river a few Indians of the Klamath tribe are living in 
almost original primitive conditions. A similar project 
is on the Trinity River in the Trinity National Forest. 

In the Southwest are some forest-road projects of 
ereat necessity and difficulty and of extraordinary 
interest. One is the Oracle-Apache Camp project, 30 
miles long, in the Coronado Forest in southern Arizona. 
Work is now in progress at the cost of $11,000 per 
mile. Part of a cooperative project known as the 
Clifton-Springerville passes through copper ore so rich 
that one cut is visibly green. Isolated sections of the 
project will be in difficult rock and the history of the 
entire project is a story by itself. In both Arizona 


and New Mexico are similar projects at high altitudes. 
In New Mexico is the Glorieta-Panchuela project, a 
12.8-mile section of the Santa Fe trail, to cost over 
$100,000. 

To the north in Colorado in the San Juan Forest 
occurs one of the most spectacular of all of the forest- 
road projects. This is a 50.5-mile road connecting the 
towns of Durango and Silverton, passing over two 
summits at elevations between 9,000 and 10,000 feet. 
Here no adequate road has ever existed and a new 
location is required for a large part of the way. From 
the south pass the road plunges into the Lime Creek 
Canyon through solid rock for a mile and a half, to 
rise again to an elevation of 10,000 feet above the 
mining town of Silverton, from which it descends for 
the most part on a 5 per cent grade. This road has 
already been under construction by day-labor forces 
for two seasons. Thanks to steam shovels and power 
drills it will probably be completed in 1921. The 
estimate is approximately $450,000. 

In Utah many forest-road projects pass across the 
mountain ranges running north and south and will 
afford connections between valleys that never before 
have been in direct communication. <A section in the 


VManti Forest between Ephraim and 
Orangeville rises to an elevation of 
9 000 feet, and + mules is costing 
$52,000 for a 12-foot graded section. 
Similar roads in Utah are the Heber- 
Fruitland in the Uinta and the Logan- 
Garden City in the Cache Forest. 
In southern Idaho occurs the 
Ketchum-Clayton project in theSaw- 
tooth National Forest across. the 
Galena Summit on the Sawtooth 
Highway of Idaho. This road leads 
into the Stanley Basin country of 
central Idaho, which is said to be 
the greatest big-game region enist- 
ing in the United States. All of these 
roads are links cither in interstate 
highways or Interstate systems. 


ROADS UNDER CONSTRUCTION. 


Over 150 miles of National forest roads are also 
under construction leading into the National parks or 
forming connecting links between these parks. In 
Montana four National forest road projects on the 
direct route from Glacier Park to Yellowstone Park lead 
for 36 miles over the Little Belt Mountains in Meagher 
and Cascade Counties, between Great Falls, Helena, 
and Livingston. Between Glacicr Park and the sum- 
nit of the mountains on the west an S-nule project 
in the Lewis and Clark Forest is under construction. 
Un the West Gallatin River in southern Montana in 
the Gallatin Forest are 20 miles of road all surveyed 
and partly constructed at an estimated cost of $84,000. 
This road will lead into the Yellowstone Park by way 
of Yellowstone, passing some of the most interesting 
scenery Immediately adjoining the park. Onthesouth 
in the Targhee Forest are 47 miles leading from Warm 
River past Ienrys Meadows into Yellowstone and form- 
ing the last link from the south to our oldest national 
park. This road will pass close to the Bulfalo River 


and Big Springs, the headwaters of the north fork of 





AP FOREST ROAD 


SURVEY CARP, 
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BOWLDER EXCAVATION ON THE MONARCH PASS ROAD. 


the Snake River, where the full-fledged stream springs 
from beneath the solid rock. In Oregon a 22-mile 
project between Prospect and the boundary of Crater 
Lake National Park, in the Crater National Forest, 
when completed, will for the first time afford tourists 
opportunity to visit one of the most unique spots in the 
world. Here, 6,200 feet above the sea, is matchless 
Crater Lake, unbelievably blue and deep, 2,000 feet 
below the oval rim of the crater of what must have 
been one of the greatest volcanoes in the world. 


FEATURES OF CONSTRUCTION WORK. 


The construction items arising on many of these for- 
est road projects present interesting and unique fea- 
tures. Clearing and grubbing varies from the dense, 
heavy timber of the Olympic Peninsula in Washington 
to the grubbing of light sagebrush and cactus on the 
desert in Arizona. The corresponding prices range 
from $3,500 per mile to $250. On the Quinault project 
were trees 8 and 9 feet in diameter. Such clearing 
becomes a standard logging operation with steam don- 
key engines. Similar conditions exist in Alaska. 
Grubbing of the enormous stumps leaves great cra- 
ters in the grade which often 
require recross-sectioning to deter- 
mine changes in quantities. 

Rock excavationsometimes aver- 
ages as high as 4,000 yards to the 
mile on a 16-foot road. It1s of all 
kinds, from bowlder slides, consist- 
ing of innumerable masses of rock, 
which will average several cubic 
yards in volume, to the basalt cliffs 
of the Columbia River with vertical 
hexangular columns from 6 to 60 feet 
high. Some of the hardest granites 
occur in Colorado; but even these are 
not more expensive to work than 
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the hard conglomerate or cemented gravel caliche of 
Arizona and New Mexico, upon which blasting has the 
minimum effect. 

Blasting of rock is taken as a standard item on the 
western mountains, and the ‘‘station gang’’ of coop- 
erative laborers bidding per 100-foot station or per 
cubic yard is an institution recognized by all contrac- 
tors. These men attack the ledge in various ways. 
Sometimes they use the deep ‘‘ coyote hole,” burrowing 
30 feet into the rock with a tunnel large enough to 
permit a stooping man to enter with a wheelbarrow. 
Sometimes the hole is smaller, 8 or 10 feet in depth 
and less than afootin diameter. Such a hole is known 
as a ‘boot jack.” One ‘‘coyote hole” on the Cooks- 
Collins Road in Washington brought down 2,000 yards 
of rock with 1,700 pounds of black powder. On the 
Canyonville-Galesville job in Oregon batteries of small 
“coyote holes’’ 15 feet deep at intervals of 15 feet were 
shot for distances of two or three stations at a time. 
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The effect was to blow out the base of the side hill 
prism into canyon and permit the top to drop into its 
place. The mass was then thoroughly broken and 
could be handled by a steam shovel. 

Along the Klamath River in California section gangs 
of Greeks are at work using TNT. In the upper 
reaches of the Clearwater in Idaho on the Kooskia- 
Loweli project station gangs have worked throughout 
the past winter. Some of these men at times have 
reported the extraordinary figure of 20 cubic yards of 
unclassified material per man per day. 

The Bureau of Public Roads specifications classify 
all excavation as either ledge rock or ‘‘common,”’ and 
these specifications are coming to be adopted by sev- 
eral States. During 1919 approximately 2,000,000 cu- 
bic yards of ‘‘common”’ were bid in District 1, at an 
average price of 78 cents, and 400,000 cubic yards of 
rock (the Government furnishing TNT) were bid at 


$1.69. 


STATEMENT OF COMPLETED PROJECTS, APRIL 20, 1920. 
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SURFACING AND DRAINAGE. 


Up to the present time none of the 
forest roads has been surfaced except 
with fine crushed rock or gravel. 
The construction therefore consists 
In the installation of adequate drain- 
age structures and the grading and 
finishing of the road to the necessary 
standards demanded by its immedi- 
ate future duty. Typical cross sec- 
tions of the forest road are shown in 
the illustration. Owing to the fact 
that many of the roads lhe in the 
‘anyons of mountain streams, side- 
hill construction prevails. It has 
generally been found that it is cheaper 
and better to ‘‘bench in” the road 
rather than to construct retaining 
walls. At times conditions require 
the construction of such walls. Dry walls are built 
with the base six-tenths of the height, and if in ex- 
cess of 16 feet in height the bottom courses are laid 
in cement mortar. 

Drainage structures of logs are necessarily used in 
many remote regions. Cedar log culverts and cedar 
log cribbing are regarded as having great durability. 
Concrete pipe can be used only within reasonable haul 
of shipping points, and consequently corrugated metal 
pipe is found desirable for the longer hauls. With the 
exception of the more important bridges occurring on 
projects which are parts of State highways, the super- 
structures of bridges are of the wood Howe Truss type. 
On the Quinault River and also on the Salt River 
in Arizona riveted steel bridges are under construc- 
tion, and several steel bridges have been built in Cali- 
fornia. Log crib piers and abutments are extensively 
used with rock “back fill”? and give excellent satis- 
faction. 
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THIRTY-FOOT BRIDGE ON CRIB ABUTMENTS, TRINITY RIVER ROAD, TRINITY 


NATIONAL FOREST, 





CONGRETE*FORD AT “MEDD UBRS WASHT' SALT RIVER=PLEASANT WALLEY FORGS9 
ROAD, ARIZONA. 


CONCRETE FORDS FEATURE. 


A feature in the construction of the southwest area 
is the concrete ford in the arid regions which are 
subject to cloud-bursts. On the Salt River-Pleasant 
Valley project ih Arizona are a number of these fords 
built 16 feet wide and nine-tenths of a foot deep. 
These fords are constructed with ‘one-man’’ stones 
covered with good concrete, and have cost in the 
neighborhood of $4 per square yard 30 miles above 
Globe in Arizona. 

Interesting studies are underway to determine the 
relative advantage and economy of the use of steam 
shovels on national forest road projects as against the 
handwork of the station gangs. It has already been 
well established that although a wider road results in 
most cases with the steam shovel excavation the more 
workmanlike job follows the station gang method. 
Contractors using the steam shovel prefer to ‘borrow 
and waste” rather than end haul, as it proves economy 

tothemintheend. Thestation gangs 
do not remove a surplus yard of ma- 
terial if it is possible to avoid it and 
leave their banks in excellent shape; 
also the slower construction of the 
fills results in a more stable embank- 
ment. This is desirable, since it 1s 
entirely impracticable to construct. 
fills on heavy mountain excavation 
by the layer method. Fills are over- 
cast and must be allowed to settle be- 
fore surface operations can be at- 
tempted. 

At intervals throughout the West 
are localities where small, local con- 
tract outfits with wheel scrapers and 
horses are available for grading oper- 
ations. Contractors are frequently 





glad to sublet portions of the forest road projects to 
such outfits. 

The table of completed projects gives a comprehen- 
sive view of the 263.61 miles completed on April 1, 
1920. There are 65 projects with a total of 851.7 
miles now under construction in addition to those 
listed in this table. Surveys have been made for 
2,543 miles, and plans have been completed for the 
ereater part of this mileage. 


FOREST TRAILS AND MINOR ROADS. 


In addition to the road mileage which has been men- 
tioned above, the Forest Service has constructed many 
miles of forest trails and minor forest roads from the 
10 per cent fund and from approximately 25 per cent 
of the other Federal-aid funds and will continue this 
work during the present season. Projects now sur- 
veyed will require all the available Federal-aid money 
that has been appropriated except the last three in- 
stallments of the Federal-aid road act of 1916. The 
$3,000,000 from this source will give less than $100,000 
annually to each of the Western States. 

In Alaska approximately $500,000 worth of work 
is mapped out and partly completed in the Chugach 
and Tongass Forests. ‘There are 2.4 miles on the 
Seward Kenai Lake project, 3.2 miles on the Juneau- 
Eagle River, 6 miles on the Portege Road, and 3.5 
miles on the Ketchikan-Wards, Cove project. All 
these projects are still under construction and many 
miles of additional surveys will be run during the 
coming season. The Alaska survey and construction 
seasons are extremely short and some of the features 
of actual construction are unique. In many localities 
there is a cover known as ‘‘muskeg’”’ which is a sort 
of decayed moss and humus varying in depth from a 
few inches to 10 feet or more. Grubbing operations 
along the shore require the use of heavy donkey 
engines mounted on scows. As rapidly as possible 
road-building equipment, including logging machinery, 
drilling apparatus, and. trucks, is being delivered to 
Juneau, Ketchikan, and other points. 

The national forest road program during the past 
four years has become well defined as one of the road- 
building requirements of the entire West and State 
programs of construction are planned in accordance 
with it, in order that through routes may develop 
_ uniformly throughout the several States. During the 
season of 1919 there were employed approximately 
400 engineers and field assistants in the 11 Western 
States and it is expected that an equal number will be 
required before the present season’s program is 
completed. 
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NEW MEXICO CONTRACTS. 


It is estimated that about $1,000,000 worth of road- 
building contracts will be let by the State highway 
department of New Mexico during July. The summer 
will be the busiest one known in that State in road 
construction, especially in roads aided by the State. 


HOLD LIBERTY BONDS. 


Your fulfilled desires MAY NOT bring you full 
satisfaction; your Liberty Bond WILL bring full 
return of principal and interest if you hold it. 

If you sell unnecessarily now, in the face of a 
temporary dechne in price, you will not get full 
value either in money or satisfaction of desires. 

Your Liberty Bond is as safe and sound as the 
Nation itself. Hold and buy more. 


MONTANA ROADS. 


Road construction is now under way in Montana 
for which the aggregate amount of the contracts is 
about $4,000,000. Of this amount contracts for 
$3,250,000 were let last fall. The State highway 
commission is working to add another million to the 
contracts for this year. 


TO VOTE IN HIGHER INTEREST. 


It has been decided to present to the voters of 
California at the November election the question of 
raising the rate of interest on the $40,000,000 worth 
of bonds voted last year from 44 to 6 per cent. It has 
been found impossible to sell the bonds at the rate 
named in the enabling act and in the proposition 
submitted a year ago, and unless the rate is increased 
road construction under the bond issue will have to 
be postponed indefinitely. The Oregon plan is 
favored, providing for a maximum rate of 6 per cent, 
the rate to be fixed at the time of the sale of the bonds. 


FEDERAL AID IN KANSAS. 


The Kansas State highway commission has ap- 
proved highways aggregating 461 miles for Federal 
aid. These highways represent a probable cost of 
$25,000,000. Contracts have been let for 162 miles, 
the cost of which aggregates $4,875,000. Counties 
are going ahead with their preliminary road work in 


, anticipation of increased Federal aid. 


There are now in file petitions for 1,345 miles of 
road, the estimated cost of which is in excess of 
$50,000,000, granting Federal aid stopped when the 
total reached nearly $8,000,000, the amount allotted 
to Kansas. 
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THE SELECTION AND COMPARISON 
OF FEDERAL-AID ROAD TYPES. 


By E. W. JAMES, Assistant Chief Engineer, Bureau of Public Roads. ! 


N the handling of Federal-aid projects the first 
point at which purely technical and administrative 
questions come squarely into contact is in the 

selection of the type of surface. Very frequently 
this contact is one of opposition. An ideal condition 
at this point can only exist when purely technical 
considerations control, and for this reason there is 
little hope that the ideal will ever be approximated. 
Furthermore, it would perhaps be unfortunate for 
the engineer if he were faced suddenly at the present 
time with such an ideal condition, for one of the 
large and still open questions in highway engineering 
is the selection of type. 

Were the engineer thrown back entirely upon 
technical considerations, it would be found at once 
that data are lacking on which to come to any definite 
conclusion. There is some difference of opinion 
existing in regard to the general merit of the several 
types. There is little or no unity of opinion as to 
the service value of the various types under given 
conditions of traffic and no more uniform views 
regarding the probable length of life of the severa 
types. On the basis of cost over a period of years, 
two engineers in one of the large State highway 
departments have recently published articles with 
almost opposite conclusions regarding the order in 
which the higher types of pavement can be placed 
on the basis of ultimate economy. Data are simply 
not available for a purely technical answer to the 
question: What type of surface will give the best 
results under a set of given conditions? 


ADMINISTRATIVE CONSIDERATIONS, 


We are, however, doubtlessly moving toward the 
time when we will be able to make an intelligent 
determination of types on purely technical grounds, 
and the Bureau of Public Roads as the inevitable 


clearing house for such information, and as the only. 


rovernmental organization having at its disposal 
funds and personnel for conducting the necessary 
experiments, should and will take a leading part in 
the necessary research to establish this detail of 
highway engineering on a much firmer basis than it 
now rests. Until such time, however, as the results 
of extensive investigations become available, and no 
doubt thereafter, it will be necessary to admit several 
important administrative considerations to a place 
when types of pavements are under consideration. 
First, there are the exigencies of construction to be 
considered. This involves engineering administra- 
tion that often meets imperative requirements and 
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results in substantial economies. The present Fed- 
eral-aid program carries a large number of projects 
which classify to-day as earth, sand-clay, and occa- 
sionally gravel, but which are avowedly to be com- 
pleted later by the construction of more adequate 
surfaces. In some eases the proposed future work is 
a part of the original plan, but in most of the cases 
the work is confined to grading and necessary drainage 
with only such surfacing as may be required to carry 
traffic during a more or less short interval while the 
embankments are settling and reaching a condition 
when expensive pavements may safely bo constructed 
upon them. In a great many projects of this kind, 
however, no definite plans have yet been made for the 
surfacing, and such questions as selection of type and 
raising of funds are postponed more or less indefinitely. 
The result is that for the present, engineering adminis- 
tration fixes our type as earth, sand-clay, or gravel. 

Frequently in planning improvements, it is im- 
possible at any one time to secure the necessary 
funds to carry out high-type work. It is quite obvi- 
ous from an examination of the present Federal-aid 
records that in many cases counties are making their 
supreme financial effort to provide for the construc- 
tion of a sand-clay or gravel road. Under conditions 
of traffic where it is obvious that a higher type of 
surfacing should be selected, such financial considera- 
tions which are purely administrative in nature have 
the effect of determining the type, regardless of what 
the highway engineer may recommend. As in the 
previous case, the final selection of type is in effect 
postponed until more funds are available. 

Finally, and by no means least, we have ihe influ- 
ence of local opinion which must be met and given 
due consideration. It is a question sometimes 
whether this opinion should be dignified by the 
name of ‘‘administrative consideration’ or not, but 
the fact remains that it is an influence to be reckoned 
with wherever it occurs. The efforts of the engineer 
in this case should of course be in the direction of 
influencing the local opinion, but he is often one 
among many, and as he is not paying for the work his 
recommendations are more likely than not to be 
disregarded. It is at this point also that the promo- 
tion work of men having materials, equipment, or 
proprietary types for sale exercises its strongest influ- 
ence on the selection of types. As in the other cases 
referred to, evidence can be found on almost every 
page of the Federal-aid record of projects being 
determined as to type, as well as to location and other 
details, by the influence of more or less interested local 
opinion. 





DETERMINING SUITABILITY OF TYPES. 


The purely administrative matters referred to thus 
far will doubtless alwavs be with us, and the time is 
far distant when purely technical considerations will 
control in the seleetion of surfaces, but there has been 
nevertheless considerable work done in the direction 
of establishing factors for determining, wich some 
approximation at least, the suitability of road types 
for service under given conditions. 

For a number of years the Bureau has constructed 
and maintained experimental roads. Probably the 
most valuable work done in the course of the expert 
ments has been on surface treatments, and consider- 
able data. incomplete to be sure and only partly 
conclusive, are available. 

In these studies we find, for instance, that a water- 
gas tar preparation applied as a cold surface treatment, 
maintained under patrol, will carry 925 gross tons of 
traffic per day, and under this traffic the maintenance 
will be the third in order of economy of seven experi- 
mental sections. This same section was destroyed 
bevond the point of any reasonable mamtenance by a 
traflic of 1.180 gross tons per day. The nature of the 
effect of 1,130 tons per day was that of an overload 
which no amount of maintenance could remedy. The 
average life of a retreatment of this material 1s eight 
months. \ hot tar surface treatment stood up satis- 
factorily under 1,325 gross tons daily average and was 
the sixth in order of economy in the same group of 
seven experiments. 

There is available considerable undigested data of 
this kind covering seven different experimental sec- 
tions. This material is now in the process of being 
analyzed and will probably supply valuable data for 
the selection of surface treated macadam. It may 
enable the engineer even to differentiate hot and cold 
treatments, tars and asphaltic oils, and possibly 
different asphaltic oils. 

The information will in gencral take the form of the 
maximum gross tonnage-endurance of the type, the 
average life of retreatments, the cost of maintenance 
per ton of traffic, and details of successful mainte- 
nance operations. 
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PROBABLE LIMITING ENDURANCE. 


Up io the present time the determination of type 
has rested largely on the judgment of each individual, 
so far as technical details are concerned. There is 
little or no material of value in the literature of high- 
way engineering nor in the engineering press relative 
to the question. [ngincers have written all around 
the subject, but have generally refrained from eommit- 
ting themselves to figures. We find a few attempts 
however, to state the probable limiting endurance of 
types in terms of traffic and the following indicates 
the result of one such attempt. The table may be 
headed “ Limiting Economic Traffic on Types of Road 
Surface.” 
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An older attempt at stating the limiting traffic 
which various types of pavement may be expected to 
carry economically was made by the committee on 
standards of the American Road Builders’ Associa- 
tion in their report of 1915. Their tabulation follows: 












































Horse drawn, steel Self-propelled, Self-pro- 
tires rubber tires pelled, 
ie r steel tires. 
Item. e ‘ 
eavy _ Motor Steam 
Light | vehicles, Vasmeneer| trucks lorries 
vehicles | wagons, ale and and 
| trucks. busses. | tractors. 
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Cold oil surface treated gravel.} 100-200 75-150 400 up 10 1 
BITUMINOUS MACADAM OR 
CONCRETE. 
Water-bound macadam (sur- 
ee i. aie 100-200 75-150 | 100-400 10 i 
Water-bound macadam (cold | 
asphalt, oil surface treated)-.| 100-200! 75-150} 100-400 10 I 
Water-bound macadam (hot 
SUIRCO ThLORGEd ieee 100-200 ' 75-150 400 up 10 i: 
Water-bound macadam (cold 
tar surface treated).......... 100-200 °° 75-150 400 up 10 il 
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COMCNO IG «ee moc 1 ce eee 100-200 | 75-150 400 up Us eee eee 
Vitrified brick stone sets or 
W00d Bint 22. ser... .. see 200 up , 150 up 400 up 20 up 6 up. 
It is noteworthy that the above indicates that 


certain types of surfaces may be depended upon to 
carry somewhat more than is indicated by the careful 
experimental work of the bureau. But the range of 
type in the first table is so limited that it is of httle— 
general use, although it fairly represents the best 
data of the kind available. The table furnished by 
the Road Builders’ Association is altogether too uni- 
form in its enumeration of traffic and for steel-tired 
vehicles on the lower types of surfaces is much higher 
than appears to be warranted. 

With respect to heavy trucking, the observations 
of this bureau are that the effect of trucks rated 
heavier than 3 tons is generally seriously destruc- 
tive of any type of pavement designs customarily 
used on rural roads up to 1917. Further, the destruc- 
tiveness varies direetly with the speed, but probably 
in greater ratio. It appears that constant use of a 
few trucks per day, if they are heavier than 3 tons 
and run at high speed, say 25 to 35 miles per hour, is 
sufficient to cause high-type pavements of designs 
current in 1916 to fail as by overload. It is not a 
question of adequate or economical maintenance in 
such cases, but of out-and-out pavement failure. 


IMPACT A DESTRUCTIVE FORCE. 


Within the last two years we have been compelled 
to give recognition to a new destructive force affecting 
road surfaces. Impact, almost never formerly con- 
sidered by the highway engineer, is now a force to be 
reckoned with. It has a close application to the 
determination of types for certain kinds of traffic, and 
as high-speed motor trucks are inereasing in number 
rapidly and becoming more generally used, the ques- 
tion of the effect of impact is a serious problem. The 
bureau is at work determining the force of impact 
developed by trucks under a variety of conditions. 
Parallel with these investigations impact test experi- 
ments are now ready which, it is hoped, will indicate 
to some known degree of accuracy the amount of 
impact which different types of pavement will suecess- 
fully resist. The correlation of these two sets of 
experiments should furnish some data useful to the 
solution of the question: How much truck traffic will 
a given type stand without failure ? 

Other experiments to determine the effect of abra- 
sion on pavement surfaces are also underway, and 
these will furnish further data useful in the selection 
of types. Obviously, if these experiments are fruitful 
in results, the engineer will be in a much better position 
a year from now to face the purely technical considera- 
tions involved in the selection of pavements. 


ALTERNATE DESIGNS. 


On Federal-aid work probably every district engi- 
neer has observed that the question of the selection of 
types is not the only perplexing matter connected 
with the subject. There has been during the past 
two years a continual increase in the practice of using 
alternate designs on projects submitted. This prac- 
tice was not common when Federal aid was first 
inaugurated, but beginning with Indiana, in which 
State the law requires that tenders shall be asked on 
at least two alternate types, and with Ohio and Penn- 
sylvania, which states adopted a policy of securing 
bids on alternate types, the practice has rapidly 
expanded until to-day Federal-aid projects, involving 
the higher types of design, come to the Bureau more 
often with alternate designs than with a single type. 
This fact is borne out by the statistics of Federal-aid 
mileage. At one time when an examination of the rec- 
ords was made for this purpose 12.8 per cent, represent- 
ing 963.65 miles, was undetermined. Practically all of 
this mileage was undetermined because a decision as 
to the type had not been made and would not be made 
until after bids had been reeeived. This does not 
represent all of the alternate work undertaken, as a 
considerable mileage entered under other types had 
originally been submitted in alternate form and adjust- 
ed when award was made. Obviously therefore, the 
question of alternate types has become a scrious one 
in mere quantity, and because of the extraordinary 
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questions involved appears likely to result in some very 
troublesome questions of poliey and administration 
for the Bureau. 


METHODS OF COMPARING TYPES. 


The problem has come before the Bureau from so 
many different angles that it appears almost hopeless 
to attempt a solution along any of the lines heretofore 
suggested. 

In the first place, Illinois has attempted to set up a 
rational method of comparing types with at least one 
very interesting result. Although the conclusion 
reached is not satisfactory to many engineers and 
certainly not to a large group of material manufac- 
turers, there has, nevertheless, been surprisingly little 
unfavorable criticism of the Illinois conclusion, either 
among enginecrs or in the engineering press. The 
reason for this 1s quite cledr— for neither the cnginecrs 
nor the editors have any better data on which to base 
objections than the Illinois department had on which 
to base their conclusions, and the attitude of all con- 
cerned appears to be very largely one of “hands off.” 
The essential feature of the Illinois conclusion is that, 
studied as a beam, a pavement cross section wholly of 
concrete is stronger than black top on an adequate 
base of concrete. The upper layers or wearing surface 
of a pavement cross-section in concrete is worth twice 
as much as a black-top wearing surface. Incidental 
to this conclusion is the use of an identical mix for a 
one-course concrete design and for the base of black- 
top construction. Obviously, a rational analysis of 
this problem has not been made and would be of 
very doubtful value. It appears to involve the 


analysis of a compound beam of elastic material 


continuously, but not uniformly, supported on clastic 
bearings, and besides the question of flexure involves 
consideration of no less than three different longi- 
tudinal shears, one in conerete, one in black top, and 
one in the joint between them. The last element 
can not possibly be evaluated, and the question of 
reduced impact, owing to the cushioning effect of the 
black top, confuses the whole problem. 

Another method suggested and used by the State of 
Pennsylvania in the specification current during 1919 
is to establish comparable types on the basis of prob- 
able cost. For this reason, Pennsylvania in the stand- 
ard specifications for 1917, developed designs for such 
pavements as sheet asphalt, Filbertine and Warrenite, 
having dimensions which depart from previous cus- 
tomary practice. These designs were built up with 
the sole end in view of producing a cross-section In 
each type of substantially equal money value. Ob- 
viously, the problem is reduced to a hopeless dilemma 
by attempting a solution of this kind, because if on 
the basis of cost a logical solution is attempted it must 
be revised as the costs of materials vary, but in so 
doing it becomes distinctly illogical from the technica] 
viewpoint. 
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Another solution of the problem of comparable and 
alternate types which has been tentatively followed by 
this Bureau starts by establishing a list of pavements 
on the basis of service value. This is purely empirical 
and indeterminate because it is likely to vary some- 
what in the judgment of different engineers. The 
order in which pavements have been listed by the 
Bureau is as follows: 


Waterbound macadam. 
Gravel macadam. 


Brick on a concrete base. 
Sheet asphalt on a concrete base. 


Cement concrete. Gravel. 
Bituminous concrete on an ade- Sand clay. 
quate base. Top soil. 

Bituminous macadam. Earth. 


Surface-treated macadam. 
GROUP CLASSIFICATION OF TYPES. 

Quite clearly there may be a difference of opinion as 
to the position of cement concrete and bituminous con- 
crete in the above lst, and it is equally clear that a 
lower type may, by superior detail of design, be made 
to excel a higher type in the list. The next step, 
therefore, was to attempt to indicate sufficiently the 
details of design so that the pavements could be classi- 
fied in groups. This classification follows: 


Class A for heavy traffic: 
(1) Monolithic or semimonolithic brick pavement using 
3-inch or 34-inch block on cement concrete base, 4 or 5 
inches deep, 1-24-5, or 1-3-6 mix. 
(2) Bituminous concrete. 2 inches thick, on a 6 or 5 inch cement 
concrete base, 1-3-6 mix. 
(3) Cement concrete pavement, 6 inches thick at the sides and 
74 inches at the center, 1-2-4 mix. 
Class B for medium traffic: 
(1) Bituminous concrete, 14 inches thick, on a cement concrete 
base 4 to 5 inches thick, 1-3-6 mix. | 
(2) Cement concrete pavement, 5 by 64 inches, 1-2-4 mix. 
(3) Bituminous concrete, 2 inches thick, on a 4-inch bitumi- 
nous concrete base of crushed stone or gravel. 
Class C for light traffic: 
(1) Bituminous concrete, 14 inches thick, on a bituminous 
concrete base, 4 inches deep, of crushed stone or gravel. 
(2) Bituminous concrete, 14 inches thick, a bituminous binder 
course 14 to 2 inches thick, on a 4-inch broken-stone base. 


(3) Bituminous concrete, 2 inches thick, on a waterbound ' 


macadam base 5 inches thick. 
(4) Bituminous macadam, 24 inches thick, on a 5-inch water- 
bound macadam. 

This classification was especially devised as a sug- 
gestion for the State of Idaho, and there was included 
under class A for heavy traffic as a fourth alternate, 
bituminous concrete, 2 inches deep, on a 6-inch or 5- 
inch bituminous concrete base of crushed stone. This 
addition was solely for the purpose of providing in 
this group a type of surface that did not require water 
in the building. Consideration of these groups indi- 
cates at once that the classification is not of a kind to 
be generally applicable. Class A pavements would be 
made considerably heavier in most of the Eastern 
States and numerous other variations in detail would 
have to be made for other localities. 

So many different questions have arisen regarding 
the determination of alternate and comparable types 


that it appears necessary to seek a solution in an en- 
tirely different direction. So far we have attempted to 
establish an equivalency of either cost or service value. 
It is doubtful whether this is possible in the light of 
our present knowledge and it appears likely that when 
further data is available this doubt will be converted 
into a certainty. 


DIFFERENTIALS AMONG TYPES. 


It has, therefore, been suggested that an attempt be 
made to establish normal differentials among the 
several higher types that are likely to be brought 
together in competition. This normal differential 
presupposes the fixing of what may be referred to as a 
normal base price for each type on a given project, 
and this will be arrived at by a careful analysis of the 
materials entering into the construction of the design 
on the basis of their cost. Given a particular project 
on which it is intended to solicit tenders for sheet 
asphalt, modified Topeka, and concrete, the materials 
necessary to construct each type will be located and 
the cost of placing them into the work will be analyzed. 
This will provide for each type a very carefully com- 
piled engineer’s preliminary estimate. It need not 
represent the actual cost, but it will establish a normal 
basis of comparison and fix the normal differentials 
that may be expected to exist between various types. 
This will be done, of course, in advance of the bidding, 
and the engineer, and assumably prospective con- 
tractors, will have advance knowledge of these 
differentials. 

When the bids are opened, if the bid for concrete is 
below its normal base price and the bid for Topeka is 
above its normal base price, the concrete would be 
considered the better bid. If, on the other hand, sheet 
asphalt, although bid at a considerably higher cost, 
were below its normal base price, and concrete above 
its normal base price, the tender for sheet asphalt 
could logically be considered as the better bid. As- 
suming, therefore, that in the premises the types have 
all been established as adequate and reasonable for 
the traffic likely to develop on that particular project, 
then the engineer would be logically justified in 
awarding a contract to sheet asphalt, although it 
might be the highest bid in dollars and cents. The 
practical effect of this method is to avoid a decision as 
to strictly comparable types or designs, and at the 
same time maintain competition. But that compe- 
tition is no longer among the types; it is a competition 
of each type with its normal or base estimate. 


WORKING OUT THIS SUGGESTION. 

It is, of course, at once apparent that a suggestion 
of this kind can only be worked out under very intelli- 
gent engineering direction. The policy of blindly 
assuming costs based on previous averages of bids 
must be abandoned. Likewise, the custom so appar- 
ent now in Federal aid estimates of assuming a single 
price of $2.75 or $3.50 for surface, regardless of the 
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type, simply for the purpose of establishing a pre- 
liminary estimate will have to be discarded. It will 
mean that the engineer after naving selected his 
alternative designs will first have to compute the 
quantities of cement, sand, chips, aggregate, bitumen, 
filler, and whatever other materials enter into the 
construction, locate probable sources of suitable 
materials, and carefully analyze the cost of each one. 
The organization of a mixer gang will have to be 
known within a narrow margin, based on the probable 
method of construction prevailing and likely to con- 
tinue in the particular locality. Similarly, any con- 
struction organization which may be required by the 
design selected will have to be understood and labor 
costs analyzed. It is probably not possible to gener- 
alize in these matters and estimates would be required 
for each project coming under consideration. 

Whether this scheme is practicable from a business 
point of view may be open to some question. It has 


some decided advantages. For instance, it has been 
noticed that concrete bids when pamela into compe- 
tition with bids for Topeka or Warrenite on a con- 
crete base have a marked tendency to rise until they 
are only slightly below the Topeka bids. If a differ- 
ential were established concrete would have to stay 
down where it belongs or it would be at a disadvan- 
tage. The cost of preparing preliminary estimates 
would be somewhat greater than at present and the 
estimates could not be based so generally on averages 
derived from records of past bids as they now are. 
It is probable also that a somewhat higher standard of 
preliminary engineering in general would be required 
to carry out this scheme successfully because there 
would doubtless arise considerable differences, espe- 
cially among material men, as to the fairness of the 
differentials established and the engineer responsible 
for the computations would have to fortify his con- 
clusions by very skillfully analyzed data. 
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| Project | 
State. plot County. miles. 
OMAN ise... -seu-.-..-- ON) MRR core ne ce < ee ceweeeoe 8. 852 
SARS 00 3.000 
2S 3) Ue 14. 860 | 
Pees... 2... eee eee OS a. nn 
etOrilign, .....----+-2----4- oo | Sameiuis Obigpo......-..- er 11. 540 
D8 | Sauita Darbara................ 14. 640 
Oe) WAPI. ow wena nccec cones, 13. 600 
(Co | ee) OMe ca ccc cess cease ccsss. 1.555 
Ue) ASO 2 os... oe eee cas cee 2. 763 
Me SAIC ORS es. .  w e koeeee acc ee al 2. 024 
| PO OMA. ns ox ws occ eens oe ck aes | 10. 000 
Bee) Peet, 2... cnc ccc esse cess. 1. 386 
: TE Reece cece nsw ced ascvcecvecs | 0. 909 
a MERE AS. oo. tee son ne aoe 8. 900 
Ree ee eee ene nee ees 6. 000 
i I! hh rr 4. 000 
te re | 3. 750 
ei gis. ov ee oc coc wic a cleddecncccees 
Tae) Weretineton.. ......22...00.5.- 8. 300 
Eo Mebieomery....-...2+-.2.---. ) 12. 000 
J ee 2s) 9. 810 
Ds oa cccic on cise wiceaewaceess 13. 240 
Were) PYOge ... 2 << occ nccccecesedces 000 
flew | SUS. cg Se eee Ser 8. 990 
1D > rr 11.953 
WMG coc ee Mn) GM... ccs cece esse 9.350 
Vic | oc woes oe fomc ss ule s--oceames’ 
lo Oi Oo er | PiSON. <a ec ae cevce nee 5. 000 
Wee) PORMSON... on wees ccc oces 2. 500 
To} CMMI... . oo oc oo ee cccces 20.721 
eG oo ec wen e ns eae Bi Maeshall __...........-.0.--- 380. 500 
J. | Co asa SS aeeearntes Ng epmamrigiy:| 6. 000 
Se | PaWiee....... ecw wenn ane 7.930 
Miemtmein........-.------0. 29 | oc. sons ecco eess 16.166 
2 | VOMMOMEITIC. |... ose cns evince ons 3. 960 
WMrnee aes snes eae 2) | Amarescogin. ... 22... 22. cccese 5. 260 
28 | EeeOC........-.eenccnsesd 1.340 
PION: ccc ccee cu nnuccesee 4.570 
Massachusetts. .........-.--- Pee eesIIG. 2.8... - 5 scan cee 1.164 
roca ke see sce es 2.827 
aa EV Oo eso sa cn 4.572 
AA. ec neem cance 37 | Hillsdale and Calhoun........ 11. Gaz 
Beoresen..........--.-.---: Mn oc oa wa ca ceecuces 6. 000 
We | ea. sc ee ee ee 8.050 
We; Praverse..................--.- 15. 400 
Tepe PIAS... 2... cnn w acc cence 14.070 
J | rea 19.570 
Niniesoteh................--- Je 8.000 
1 eee. oes se cccsns. ee. . 14.850 
Gee Wa. ck ccc ccck wee c ec ccce 14. 000 
1 |..2e See ees 5. 300 
. Tee |BIMWD. oo. oo vee nc ks. 8.430 
i an ie a ae 27.740 
Te CORE or ees aus cee eo sa' 12.600 | 
ae oT: ee ern 5. 500 
im | Fae Fo 15. 750 
i SM ES. 13. 500 
167 | Hubbard te ee ee 9. 000 
173° I oo eee oes ss 3. 980 
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Type of construction. statement: i a wee 
‘ ‘approved. : . 
FE ee OE ae ee = — a yy ee — = | ——- --- = — : F 
iS MONET. «oie: . 4. Sees... 2 Lee. ee. ee | May 3 $347, 159. 23 | $173, 579. 61 
ee GUE iaialecaip so ¢eicicisadcbiec a acaencsandcctcnceas' RY Onlgaeenemnais 49, 298. 04 
Se Oh niin ee Oak tele oa Ce sie ee | May 26 | 138, 688.00 69, 344. 00 
le en ws alana nine Bale eis Ha@ed oe cee eee eS | 34,650.00; 15,600.00 
REE Co Re aes ok don ae Ra lene aoe wee oa wetete o! | May 11 ; 311,828.00 | 155,914.00 
Bile a SURO Soc be ee ean 2S oe ' May 29 | 440,814. 00 220, 407. 00 
[eee ANG pore PRs 6 ok eva eae a a ula, 0 eG etet ora bee late warns | May 26 ; 241,395.00 120, 697. 50 
eve iets GRE MNEs cick na uweta sy sofa sae cae es ' May 4 76, 276. 20 36, 615. 50 
ae OMe) oo goes oe kaig hc owssisccctcsedcseaenacess.| i Ge plop eee. a0 55, 260. U0 
pei 8 so wie > jn a enjoin e a eh inde 3 | May 28: 19,963.07 9, 981. 53 
Se ce 5g he ANS iS oss dae» ic Cm | ae tee, OL 44,761. 00 
COMMmPete ...........-... ee alee... Ae do..... 56,068.10 27, 720. 00 
Be se oS oc. w nics se ER SIE eis « oS bic ‘=5qe ae 29, 109. 05 14, 554. $2 
RI ew oyu aiiluia!ss) wn. 4/na Re = oo win May 4: 64,350.00 32, 175.00 
co SE Ce as ohne ke SA May 7'! 181,154.05 50, O00. 00 
COLL: 25, ia iene |e ce ea May 11° 141,940.99 55, 000. 00 
re igo 7 oa wins <\<.0'nin ge SC Oe vv wae aoe > 8, 373. 64 4, 186. 80 
ERE Ro a as 4's oa Pa ok oe Ss we May 25: 103,315.88 50, 000. 08 
Po ocldt. Sere. | (GennnenE ...d0.....' 62,424.19 | 30,000. 00 
~~. Ras goes een da icc neds econededebccececcass.. Ca ia Oe. 30, 000. 00 
ee: Ce te gee ee UR 21, 000. 00 
TONG oe 5/5 Sw. 5 = = «ns See ie oS acl’ 2 May 28 . . 121, 578. 42 50, 000. 00 
Lae i eee eee. or ee 
ae Cee See ss ns. 48, 056. 03 21, 000. 00 
tec iil, gee gs Se May 25 |}! 57, 500. 7] 1 29, 550. 75 
me GONG: oh ce nc ov cee wdobnccunan May 4 52,999.54 26, 499. 77 
Ro ee eee May 28° 13,007.50 | 6,503.75 
PEVG0s cock ko ns cee wee we vn es ont). ee .. 247, 445. 00 100, 000. 00 
ees Oo ovo ooo oe boob occ hee cow e enc wcncceles lO. . -.| DUS IRRE 0. Te Serie sth) 
h.. i <)  ” \ ars “May 7 |1820,940.34 | 1323, 813.55 
Concrete or gravel, bituminous.................. May 3 :1,472,927.50 | 147,500.00 
i ——— i ———— a i May 11 69,991.90 28, 750. 00 
. Brick, concrete, or bituminous macadam........ May 24 | 459,415.00 © 75,150.00 
Macadam Uw __——ae May 5 275, 797 94 | 137,898.97 
Waterbound macadam, surface treated....._.... May 28 | 140,333.55 120, 166.77 
Bituminous macadam...............----2.---2- May 7 193,479.00 96, 739. 50 
... ee... ecu Mee i 45, 870. 00 22, 935. 00 
ie ee ee oe 188, 199. 55 91, 400. 00 
Bituminous macadam.........-. ee, May 4 48, 042. 50 23, 280. 00 
| Saar i ee ee May 6 149, 699. 00 56, 540. 00 
| TROL. ro vo nk noe Sees eee cc cece m occas May 4 224, 455.00 91, 440. 00 
Pemorere ANCA VEl «<6. coc ce cn cee eecccuienerces. ay 28 | 235,620.00 | 117,810.00 
(ic ohne Ae ea en ne May 3 | 40, 095. 00 20, 047. 50 
ae: es ol ee, 45, 012. 00 22, 506.00 
eee e ey hee. Bee OO | 110, 024. 20 55, 012.10 
“= GO. o ccccceduccccecuaccetcccsuccecccececae.. Mae § | 3g. 8 oe, ip.35 
.... GO ooo once cece ee ccceccccccaccaccucccecce-.. MAM 121 102,79. @ 51, 370.00 
a Cn). pn ea Ge aon 97, 020. 00 48,510.00 
— . a eee eee. A ©. ee. oe 52, 596. 50 
Sem. a ee ee ee 130, 020. 00 65, 010. 00 
alee I. oo ec eilcacs.e.. Be 12 See. @ 24,497. 00 
Concrete, brick or asphalt..............2.....-.. May 11 | 346,568.64 ; 168,600.00 
See a ee ee May 28 | 109, 428.00 54, 714.00 
ii... ee do....! 83,314.00 41, 657.00 
Pisce i) EI ee oe ae 20, 735. 00 
. Ca ee ccs eceseeces ---O.. oc Be. oe 44,924.00 
Be a rrr te eee. Gs oe 90, 847.35 45, 423. 67 
| ee ARO ye ee a |) a 56, 930.72 28, 465. 36 
Ee @..... So oe ewe cuca lido....! 44,396.70,| 22,168.35 
Lees dO... reece nee do: i! 435120.00°| 21, 560.00 


1 Revised statement. Figures given are increases over those given in the original statement. 
2 Revised statement. Mileage given is a decrease from that in original statement. 
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Figures are increases over those given in the original statement. 
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2 Withdrawn. 


| Pregeet . ‘ : . 
Type of construction. istatement irs an a ie 

approved “a : 
CippenehiOs. . . 2.4.2 eee ee May = 3 $320,485.44 | $100, 000. 00 
_. Set CLO. . ~ oi edticeccee eee ...d0....; 1g0, San. 00 80, 190. 00 
Wittuminows 1) ce May 11 | 253,322.47 | 126,661.28 
Gravel... 0 0 oe eee i...€0....| 1I5,@zZ3-2% 59, 011.90 
CUA... 2. 6 ones ee ee ee re Pee May 2s 49, 718. 60 24, 859. 30 
Wath... ..... . .sces. = coe 2 oe eee re lon 41,145. 50 20, i2ae0 
Crav ClORCHALE. .. 22.0. 40 ceeeeree eon | JS, 046. 21 9, 023. 10 
[i526 b 9 ie ee er eS kay Oe ae Sc - 187, 877. 80 93, 938. 90 
CHAt. . .. .. . 1 se oe ees ieee 71, 694. 00 35, 847.00 
2 ch) re ee te ee Ke G1, 274.40 30, 637. 20 
Bitaminousieenmettl. . 5202.20. does s 12-2 ee ieee 11,694.10 5, S47. 05 
Fee ie ws a wo ec ee re a eC. 19, 847. 00 9, 923.50 
GTavClrennmenrtie. 0. oaks. cc ence ste ee-s ere: 22 7lO- 92, 452.63 46, 226.31 
Bigmiie... ....... . <x ote menos oes cee Menta sa May 3 177, 100. 00 88, 550. 00 
a... | rs: s epena mete ees so. e May 2 137 ” 929. 00 68, Y6+4. 50 
7 ae (OO ee eck vase acsee nce 6 ss ee ae A 141, 724. 00 70, 862. 00 
et dt] ee em eS May 4/ 10,000.00 5, 090.00 
Gravel and bituniinousmaeadam ..............- ihe eae 15, 006. 00 ie 500. 00 
1) does May 3} in, G70. ae 5, 999. 99 
Bituinimousiime gam... ... .. es eee eee | May 28 25, 000.00 12, 560. 00 
CT kn an = see cl ce Se OU 18, 000. 00 9, 000. 00 
(Samenele 5 oan ode le ee Soee eer May 26 | 226,049.54 ) 298, 140.00 
ie. | nnn so i ey ae 12) 520.00 
(rele... ..o. 2.05 ce eee oo May 11 | 25,457.90 | 12,728.95 
GIGHO. oy... oka oo eR ee eee May 28 | 77,036.30 38,518 15 
CONCTCMIIE. kbs c.ciccs aco ciate een pete ese erste epee een May 6) 132,000.00 66, 000. CO 
ee AD u.- spatter Ota bale Eee are ea eee ee 74, BOO. 00 19, 000. 00 
Bituminous macedain......-....-..-22.... seen eee 174, 800. 00 Si, "600. 00 
COMCHCRCS+ 2... 1... . eee en ao oer do. ...| 368, 000. 00 1st’ 000. 00 
—— AQ e. oe enw cee ncn bene ves estecudcelecice ee emEme Bimmer fame) am 214, 000. 00 
"RODS Ol. sac. . nx ~. cock See ere ee May 3 | 312,950.00 150 475.00 
—_. CO... eee ecncce ances needtecte sda. aeeeeeee | (Meme Ooi) aa) auee rans 26, 342. 25 
FAG . . 2. oka ee ete ee ee May 3) 31,900.00 15, 950, 00 
Sata WO. . oie cece cece ccecvecnsecerensrectcess++s-| Migr 95) 23 9am Gi) |) ile sega 
A: (0 ee. Py tere: o.oo May 12 | 47,086.00 23, 540.60 
cae OO. os cand cc diw ng ee eae eo 25, 300. 00 12 650. 00 
a CO. 2 ona en 0 + « ww clergy ee cee ae lars ice ote aay 40, 020. 00 20, 010.00 
a. |) Ee en mY a 48, 950. 00 24° 475.00 
ae. Lc mrommn ee i em 3,740. 00 
. WO. . -Lacccnis acetic e eee er May 26 16, 632. 00 &, 316.00 
a GO... cca cac ek 2 is.0k s See ee ee ree 9) 702. 00 4, 851. 00 
ae. 1 ry Ow ees eee 25, 696. 00 12, 848. 00 
ee (6 (0 re eS A Bee ee 1 34 000. 00 1 ie S48, 42 
GRAOVOLES oo 2s 28d. boca ns oe ee eee eee May 12 | 115, 000. 00 3A, O00. 00 
DYACK... . - Seek 8 vient caesar ee May il 216, 000, 00 St 000. 00 
CONCIETE? ...c.ncxds. ae May 28 360, 600. 00 61, 000. 00 
B:.. ae (0 ne MN analog. ose 395, 000. 060 89, 000. CO 
Sone 0 renner See oo. 172, G00. 00 46, 700. 00 
Le GO. . dea leeeas cd sc csa 0 sae eee eee | eames 220, 000. 00 72) 000. 00 
oe QOe cee cn vo ee cba one cceen nee es omer = ol Sen). oc amet ee 83, 000. 00 
WAU, wos Secs ode eke ee aoe do....| 224, 000. 00 112, 000. 00 
Macadam: . .. 4.2. .<de ate ene ce oe ee do.... 104, 600. 00 39, 320. 00 
(Uncrete... ........2.00) eee May 4 | 450,572.36] 145,600, 00 
Je GO. o-oo ceecc eee nee cae ee eeeeeeneesceeees mee SEenO. . 70 ee ee bee 
oats 6 () eee rr nnn ee rr ee CR) ORE 98, 140. 00 
a: (ee mer re eee eR 77, 309. 00 
Peake rr rere ue a 
Bituminous or cOmMm@mAR. .. J. -52.52--..-:- ee May 4 | 354, 394.26 79, 320. 00 
CONCTOUGS. 5 .....cccunis stg eats re cate a eee May 11 | 221,091.35 68, 640. 00 
De a WO. oo nee eet eeeesoeseesteseess| Many 25 |ag 2a aa Ie eee 
POUL Otome... es oe eee May 7 | 114,000.60 40, 600. 00 
CONCEAL. sc seececenuuen een re May 26 | 125,411.20] 45,800.00 
Topol. ..... osc. ceeaueea ce = eee ee May @ . 23. 521.39 4,200.00 
Conerete Or macadatl. ..2 22s eee May 28] 70,621.65 23,665. 04 
Gavel 25s sans oe sec ee a May 3. 63,155.40 31,577.70 
ee, i en emo ew Re 
Barth... ..- 2c.c0c. eee ss OS ee May 3) 48,338.40 24,169. 20 
Bituminous MacadaM................2.2220 20 eee May 28 , 519,688.14 259, $44.07 
PTC Katia. cave nude <i ie eens oc ee Mav 3 101,050.40 30, 000. 00 
peel. Is coke oe ee 2 eo May 6. 136,596. 44 65, 000.00 
BCUMUIIGNS ... vances daees * 3 aie Og ed eS May 7 426, 547. 86 200, 000. 00 
Gravele s..¢4¥.2:46025.06) May 11 | 228,635.77 | 114,317.88 
ae 6 Cs nn ore ee Re Sy eM | 
gee GO... eee eee cose eeecceceessses.02:| May @ 297,900 /c00) 23 
ISELIN NO VSOODREOEG .......c oeeeee nee ee eo eee May 25 | 268,450.05 | 134,225.02 
ve Ure eae. Be do... .| 1 47,160.30 | ' 23,580.15 
(COTMCPEU «inc... . 2 «oe tees May 5. 39,710.00 14, 000. 00 
ae GO. 02. cee eecue ne cencewececsncsssscsss--.) Mie 4 | 2,652.0) 17m 
G@wavel or crtiShied rock .. 0.4. ...c2c0.e.sceee-en-s May 71 51,475.16 25,000.00 
(OEM | RR se BG bee May 11 | 118,640.92 59,320. 46 
Pe... . 2... 2. ca eee eee ee ae qdo....| 95, 400Gs 46, 000. 00 
EMCTOLE.......<s- sce ee en, ae ae do... .| 215,216.65 | 100,000.00 
re ks (5 (1) eR npc emn ep iets Mat tee alee May 26] 39,695.26 19, 800. 00 
einige Cn ae mmneM  m Me T 16, 843. 00 
Maced eit. . <<... eee ee May 6) 15,468.97! . 5,400.00 
ORG SP 2c = 2 so: 2.2 a es ee ee = ee May 4 | 45,093.76 15, 557.00 
| ie Se May 11] 39,000.00} 14,500.00 
OPS OU es oun cw’ n 5 x a a oe "0 .. 42,211.67 14,950.00 
UO ae a os ee ee ee 2 do... 48, 000. 00 16, 500. 00 
CONG: |). Oe er mre May 25 | 283,417.17 95, 215. 
Pee <5... os cade ece ss laces alee a0..% 55, 050. 00 18, 350. 00 
LS a Mee ke do. 60, 000. 18 22) 000. 00 
oe (nrc FF 15,300.00 
CO May 28 | 78,477.41 28, 300. 00 
| Ms os eee on ee oy ee | May 12 | 231,019.23 | 2 10,339.74 
obelectan Taal... 2.000.261. ee ee oe May 11 | 78,870.00 39, 435. 00 
eer a ee ee ee. clo. .| @fS, #25. 9,212. BO 
. en ee 103, 120. 00 
i re Oe do 56,650.00 | 28,325.00 
SUNG re or Me May 28 | 180,510. 00 90, 255, 00 
Belreledmnmmenial..................-...+--2e eee do 153, 835. 00 76, 917. 50 
tess i lll 46, 062. 50 
1) i May 26 |! 47,740.00 | 123,870.00 
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| 
Sta Project ‘ . Length in | ae Mstj 
tate No. | County. nities Type of construction. agree- | Estimated) Federal 
3 ment cost. aid. 
Ks : signed. 
: —s ne we ee 
Arizona... .. 10 Maricopa i | | S 
CWatdd daa < oy ‘ Secle aing ahs v e:di&onte ah Sea en ait cl hss RRO GST ae Ee SCO aia un Stein ae fav | ery 7p. 74 | ” 
Dae, 28) Sbetiba sccacecnecc seer apron 18/560 | Gravel. ..202022022202TTTIIIE Toe] ea ab | 11272835 | Sar toes er 
. Bn en Pa a me el at alge SAGE Diriatatiee a ee oo 8 ne reac A May 1 | cen ee 56, “ie 
EN ey Reba an, 5 AG Riise VRAGEN ORS Lk ens Sigacceces, o.. May. 17| 76°151.90| 38°07 84 
— 3 | Navajo and Apache........... “UGS tee SANS PR EO ee Mi: a ae by Pee aes rere ae 
Arkansas.....-.220-222000++- POP a) Grant sc ncacerceanneersac Phar ee ome en oo EE ater, May 95| 32°508368| 12-000°Gp 
cations He cry ae eee eee 6.030 | Bituminous, macadam.............2..2-2-------{e- ap ad 107773. a a tee 
eh ee ae = BAY SADA a Paeat anata d 14.330 | Reinforced concrete. .......-..--..-..-+---+- May 12°| 356735, 53 | at eee 
eee | Bd! MOTI DOIs cahs moras aim xa cto TRG OWE 3 erie hee ere ea, eee Rens Jt de | “38° 004. aah nee 
BOOS \- Saotntn ye'ty en ie = + | BS) MAMI oe w= eceremer cies a hase i Cavientec ee ee et nye etn baa 14) 19,002.07 
| Bios eetliaa cassia ecrena 25 e0 oy lag Mie st ae. omni ai tt A Re a Mn ee MR 
| IT) M38 anes sev ees-sehtse-we a ee Raita EP On a Nd, tS at “do. 227) 1137743 Sb aaa 
| 7 * FASO ssa 0ndhdawuen menses tenes OenaG Sathya ee ae ge ee May 14 | 53) 16) ie ag) 220.00 
| Bo | OTIC av Sb nano ons 12007 | Conietien sae wakes gti ca seca dt Sek iyeceres en BOs sc t° 4, 4Gk Sat eee 
ee | BUDE Des Hoar eters CUCU Fatty te Pee Cec piace aie Lae Dre Sir ce Be "do. 221] 67°775.89 | © 24° 608.16 
Cine a Fe Sale tacit 2 ieee eid ip Sweet wan daalenees gerac et} COMGTCEG ve-aande hs -aaeher soins aarhtens=rs- MSS © Gils penta 6 17’ 290. 61 
ee a ee eee 8 | Alachua..........-.------+---- .675 | Bituminous, macadam...............-----.-----| May 12 | 204,018.80. 009. 4 
Saco 14 Foot Rosa. ..-...--.--------- 6.318 | Grouted Driekees oh Mud Se. Jane Sei dan Soda a - 120168. 7 | Bee 5: 
AE ee Pe Cee eee | mW innett Se FE OE DE oh ee SSO Pati SO de on Oe a ea ew i" s do. fe m0 30, 56 | eae a 
at | see PS BL et 4.550 | Concrete, sand- AY SN ROIS SNe SE, al a + 1167 223, 49 | ee ig 
otk ae ee RATAN ctesiam moje pas Wo wet 4. 648 | Bituminous, TACHA oes, Suda tee es ae | May il 20), S88, 19 10, 144, 09 
gle DOL ae rakes bawaGan vas sox? FeO | SATE CLAY aide aman e eae Surennt Swe nab Se gays do 50, 180. 37 | 25, 090, 18 
106, se! eRe Rate anal ataee 3.000 | Penetration, macadam.............-. pas eee May 15) 862345.51| 20.015, 92 
ar sh oem ee aE et 2: 500 Bituminous, WAIT oc booties» caine’ kare} May 28 85, 482. 10 | 42, 741, 05 
if | ye ble Giada temas 4 ete eetiafela ze Pa 750 Kentucky rock, BEHAES. «ocean pele ies 100,000. 00 | 50,000. 00 
epee oe Ming he DE iter foe baz Concrete and waterbound macadam............- “May 22 | 217108.80) 10,526.45 
r . pS ee © aes ee we ey * aving Ce ee Oe ee ee ee ; & aa 7, RQr 7 san mee 
10 | TOWNS. «...2.2222222ee2eeee00-/eeeeeeeeeees arhin es Mia gttcles  wukeaaas Rete trak tans hing 20 | $0. 198 “a7 | MOL? 30 
a Scab Ag cla lst ea ee mle a Rn yt SCRE een Os iegiane tated ask Pe Opn ce ated seen | May 15 |118°945.86 | 19° 550: Be 
SS ei ee eed Pe A Dupege EP CUEE ET EE PENN eee - 435 Concrete. ...-..2...seeceeeesececeeeeeceeesceees May o4 1127906. 42 113° 437-16 
Ear aman bth pct che oe noes (Bina Cribs Se Bis eos oe 4002227) 1215016 86 | 118,251: 30 
1-9 | Ogloand Dekalb. .......202024|-scsesseeee[toces TE A Pea SRS SPCR, SAR 400.22 1147683.77 | 199! 198-11 
| 2-2 Iroquois. ...- ae Rese eee er sta eee ee Gee gree Ves tae yer an | had 180: Os 
rawiana ea Oe eee eee eens ee eee eee eeee (FOS Tecan ile pe. Oo eee Se Sn eee on, ae eee do 145,175.10 | 147 499. 56 
Indiana... ...-+.-2-2--.+--- Si WA IOS eB eo sis Satuae Bakidea: 7 ee He ees Soate eer. saute tuscan Mai 10h 49’ 690.37 19 50 BO 
RAST cer ee 8 oa em x pe alan eae daa 1.850 | Brick, concrete, CK EER VOL<. . aotetn cotaeteiee aes) Mae S| 88’ BRR. 35 ae ToT BR 
32, Blackhawk .......-----.------| 17.170 | Brick’or concrete..........----.-.--- Jo.....| 818 376.51 343. 00,0 
| LEP OSSD octane Saude eee ie le, “Ne BES | ocn = SECS, LS DA ME ARS. LEON Set 905°001.80 | 4287200.00 
| rE Cen unin bo ee Cee sue wn lees ganic epee ke ath endl ini inns Se tlO ae 995,001.59 | 426, 200. 00 
| Meatball: tise tee eee | ah hea USO eae eaceongameny a selselanke: sh at adele J aAOE ss ot “jh; 040, 894.72 | 441,400.00 
| 80.| Winnebago... ....c2sss0s0s0- WM oe Abii Gravel asco 200i soeacazasss eae fices|- doe --| “poe8ts.84.| © 25° 400. 00 
43 | 6 ae cer ae denon se ack <ae 22. 500.1 (Brick: or Comcrete.cas...de woes iw baccslegvuskens |. .do.... 1.063.248.45 450" 000. at 
89 | Polke... -....se-eecseeseeees | 7220 Wicca BNE a ph eek Ee, conte heidi a eke “lao, $40,179.67 | 144/400. 00 
109 | Palo : Tae ek Ree ees 11.050 |..... BO is Vee iy es Ae "do.....| 339,153.65 | 169.500. 
| L14 | Scott. -.--2..20eeeeeeeereees terial 6. ee NRL ce EE MR AE oN ae ee 913,901.12 | 340,000. ot 
ce z ADCO is civn o Was ale ets Rebelo Lib ONE Te EGG dd aie 5 We cage cremains cana sina Tabak weet as te Aga sil 90,646.27) 45,300. 00 
22 | LIMN.......+-+-+--0- eee eee eee OOD) ) VERVE ONG CSP. ac na cannae <uhensy oa do.- <5 )19 1136; 032. 
& liirieGechans fo enn a | Sab Von BEC SSE ea nk ik enn s eRe rey «aks orb ee ied. Ss ee 207,496.85 | 1136, 032.18 
| Saeed ex EG Bet 6 ae ee N aie winanis eo ee aie | —040 | Gravel ANd CONCTOG.... 55225. c nee cise sewer ners ...do 1 647,330.52 | 1 289, 058. 65 
Fall rata cea Oped a hae wt J eal ate Seid ae ahaha oh a aap CSR ie ic inbet age bes alae Sera eam ale Sal el “May 11 11,504,566.09 331,245, 00 
33F BOUrDOD....-.------s0-e--+r000 4.595 | Bituminous macadam..............---2-.e-e0e- | May 12 | 149,355.83 | 68/925. 00 
| 82 | MAO so «nc sesernset =e | OG) aria ae ee eh Bee eh Te "do.....| 31,077.33 | 25°538.66 
| i) VEN Waka don neh ewer espn hah 8 A8 bl STICK OF CONCTOLD: oc. fo 0 mews helen Eee em Le dee | 58. 569. 84 | 81. 250. 00 
Sane 84 | Brick or concrete......-.-...+--.--+++-+-+---2-5- ba ae ., 358, 569. 84 81, 250. 00 
Pilea, Ae ee yp ash De YE RSACICEEE Co os died At. ORS ice teas ous do 16, 208. 58 | 7, 800 00 
a | A SOT Eee = 6 ee ee ee eat aia 24, . MET Lg | ee ee ee OR Le ee ey Se some Ms eat ar Op a ‘ 
MCRL IRR 6 pets dd pe Sale oes bi ants Pe en a eee 1. 949 | Rock Ssnhell MACHIRIM seca 45 cue aee<dn~8aade srtad 1 Hp gey Saas a 
ad (EES PA Ee scene eaaee 4.274 | Waterbound macadam......-......-------+---+- May 11 73,142.87) 36,571.43 
a, 2 ee | GROOMERS A ssh sasro -8:980 | Gravel with clay binder.....--.....2---2+--+----| May 20 153,898.54 | 76,949.27 
th A a A 5 | Washington.wscccceecccseeo] 8 TS tag i pee Poea e es cae ae May ii | 8255027 | 42°197.63 
| 1 aga Q oC PAR RD CR RE AE PEich ny pinot.) SM eee thee ste « c 7400.4 | Ly 2/.0, 
RE tee Gon | Mbp ne Soe ee ee ae peer acon MACAdAM ...-. 02-2220. sess en eee e ees a “6 ad eee | 113,194. 65 
: i | Sy oe les ees 60 ey eon er Crt rei Be eon er toe a aes ate | 63,125. 86 56% 
18 | WORGESTAIS Ss -aiem anneeaa maka De Tall CCT OUR 2 Mica chee, dea as able | “Go rey hanya 90 10 Sah 
Sar OURAN ELD SSE cae oo canal eke yam a, OOT 158s. Fe ei, eg OR Seale a aes ai eh Pe » 641.35 Ba S80, 77 
ob} Berkshire, ..0.1....o.2ae Mane arta eee ents Mii ee eal =O -+| ere ae | B8°800- 00 
eon a | ee tecee ener ete c sees eters ee 1.107 | Bituminous macadam.........---.- eee “an Wt 45, 544 87 | 39’ 140, 00 
Gs ec Aon et 84 | St. Louis.....-...2.+22+2-e0e- | dlaths PCatiieatG! oat Peon eandeen oa 2 antennas cy May 12) 59,625.72 | 20,000.00 
75 | Murray... o.-+2--2eee-eeeeeoe- VNU Cave A. ae cette Yeiieabwad. $fui diel cab Bey de! May 20 | 156,489.52 50,000.00 
113 | Crow Wing... .....0.022.0-. BENT {GP RG at aati anderen c dyv cteredate se 4 -..., May 18 | 110,967.50 | 31,860.30 
37 | Se re re eet eee BiB AS POSING CONCKOLE 5 ite ccatn saat emia sn ace oe om a oe May 28 | 202, 168. 26 40, 000. 00 
112 | POL «<= 2.22-e2ceserreeenneen- TSG? PP COMCOLG wei net ee, ohn, LAI nna Pan, ...d0.....| 51,180.80 | 25,000. 00 
11 | Goodhue .....-....----+---+--+ Re Pande pe GR lile see ea econ cate sie wed ens oa me May 24 | 16,524.22 | 110,227.68 
Be | 1) Marshall. -....2.2-+0---2--000| sceesscste-[enees G0... e ses eee ee cc ee eee ee eceeeeteceeeeees May 17 | 149,190.04 | 135,000.00 
BELGE RLS AN on wnee-caccses eee ei SUP SR SAE Ss SS 5 Rae en ORR a RRR aA vetted @begera's 
; ; | 1G) SANOOML Coe nen s seule | ate NE, RR Th ON <A OR AT SR | May 45, 695. 3¢ 
rs ee eae 5 NS GERI ay Pee NS Pee ee ty al Pee a pF May 1 45,695.52 | 57.36 
DATSROET aes eats dea abe - eee Jan's: Skala eR ® aes | e 241 eo bed gatas eerie Chae uWit waleatay +5 ev 3 é 903 2 "30; 996. 61 
Bhal of RIEL are Wu pee a ad ee an a TO t BOnearets. 22s don as wlan Oar EE an) Sh BRS Be 51,777. 8 
8 | Jasper and Newton... -..0-. Grain Aas a oe mean ae he tae 227900222] Bae? 242" 4 | 123712102 
30 Mis Gitte wn ssecahateuee tes W077 Wadravebs- Wii. ok bode Ox? Glucdctnace-anckaces.-a,.| May Oe | BB, 150,22. 41) 579. 56 
CHEST 6 Fat iss a anne ea 10.710 | Brick on concrete base, asphalt concrete, and | May 28 | 546,575.48 1367 643 87 
Montana valli rete ie ene 
ree ees oo Ravalli.....-2..+s0.20-200200 ASAD Nagel. veer Rese se tes sehors ras. 5.2aens| Mag 6 |) 25,216.00) 1 sor 
ee, ee | S2A | Granite. 2.00 e186 | Farth...22 02sec May 25 | 48,646.51 | 22,720.00 
Pies Pees st Nude 5 diols UT Nea Fwtes 12 TE ala 2) OR Seka ee Na aan ay - 641.79 | 43,32 
GSA M BIRCH OORE sad ss pines sven evn 4.460 |. 2... SOLES RN Ped NE ao May 10 | Go’ 5R3.56 |  31°201.78 
fie Ae CALVES Se ch er a cde tens ows ean SCANT WAIN BOs cook ge | eo fone Ai! do....- 45,090. 01 | 22) 545. 00 
ia Scotts Bluff... -.. ss. ese2) es, SME MAES ce pa hep eure hanlcteia teen can agate Ae, af LOOSE. FP IB OA 
73 poten OE eT TT Oe | a “er ens BU SR MOAGE Ws on cae Ses cert ab na Ghee we SRE May 13. 50, 714.19 25,357. 09 
Se Bs ee ee aS intone | : 6C arth COR LESTE? Fas, he OR 1 ¢ ~ ° »? 50 rc ” OK * 96 
rei Custer and Loup..... Ta ere 5.930 te 22 ACY A I, Spe 5 RE ag raed 3 | a 317. i aL Bae. 73 
mA Devel. STs, Mesirie cd ¢<2: 10.960 |..... ie eae ee ee ay.) as aT on ae ae 
orri he ee OA od he 13.200 } Feariit A SACO Ke oc ence eee er do.....| 62,044.40 31,022. 20 
od | Hall. 2-222. Moiese: B03 | Barth 9. ceeesseeeeeececeeeececereeeenen gs do.....| 1791.10 | 5,895.55 
/ es et Sea Se ere 416: | Conmerate sind earititg six, don cide dd conte eadenc.(' May 24 25 8’ 339. (i 
NR eee ts ts 0% =| oncrete and earth. ..........+----+---+0----+--- ay 24 | 84,435.25 | 28,332.00 
carr y, Adams, Clay, Nuck- |............ Batic Sek. Reh ee oat AR May 10 | 148,211.35 | 124,105.68 
oy | ee and Nance..... = AR eee Barth dnd Soue-cin 7). ecb A vakenestdeessegezaas May 8 | 123,933.09 | 111,966.55 
‘hg | sae ie Bee eee Ree se cee Marth. 2c) oo schaYaiiwardnieawecnuseleen toa eek ean May 10/115, "106.68 17,553.34 
0 ose. 0eseeeceeeeeeeeceececes ERLE SPLIN c ditse Ai 20 Ok es Pim am ib 08S a. May 8 |110,373.89| 15,186.95 
ir ALS oe ee eee OF har scar |---2nennn-es Cireny Or URS a, Ca aieeie se ainda en eet ia ns> RAS de May 10 | 117,563.54 1 8. 781.77 
| 40 AYCr ose eeeeeeee eee eee. Lcaabiont Eats ot OE a AR ae: REE ee May 13 19,805.64 14,902.82 
ah | ee Seteseseeeeteeeeteedieceeeseceeesleces TEU. PULL ire FESS” ae ND Cae May 10 (120,528.99 | 110,264.50 
Modified agreements. Amounts given are increases over those in the original agreement. *Modified agreements. Increase. Revised statement 
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County. 


ee 


Ene hOth cc bucdics napukea ese 


Mercer and Middlesex......... 


Salem and Gloucester......... 
Lincoln Se aC, re ee oe 


Lenoir de Sk ee ks maka ea eee 


Bockineha my. 2s cw Ses tee ee 
A TASS IIC GE tense feo koe ace 


‘Wie A snc ce. aan. we eeeees 
Clarice hd =~. 35 duatew vt oveudes 
if Pil eee ee yo 


ewer ee ee eee ese ee ee ee Oe Oe 


NGEWDOlSicncy woke eee es debe 


BrOwn do<acsccuee Vhadtecbkvake 


Wasp tigtoiies 25.6.5 nes epee tee 
Paras ton eo lie cose kebeten es 
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1 Modified agreements. 
2 Modified agreements. 
3 Canceled. 

4 Modified agreements. 


Increase. 


Aatlonate given are increases over those in the original agreement. 





Revised statement. 


Amounts given are reductions from those in the original agreement. 


O 














Type of construction. ee ted ate ae 
Gravel F< acu Prcsbea 2 Piet ae ae eee ai = ait $25,137.97 | $12,568.98 
me [ee eee ee see 6 ee ae 8, 363. 30 4,181.65 
Modified asphalt: siveces wees te uc hbk wiieeweues ch 26, 138. 64 13, 069. 32 
| Conerete: 40. alle ee eo eee ee ee eee 266, 322.13 66, 260. 00 
ie, CO, 5 a vivnawa de taly Beene ote Manoa ies er cae 122, 382. 37 28, 800. 00 
cee A 40's wis z gues, AS eae ara ae weette: 2 336, 689.32 | 144,960.00 
| Grawol:....422 cookies caWen Coats awe = iene tees 109, 173.39 , 086.6 
| Réinforced concrete. s 5.0 decrees ko veka csueeet 114,470.00 | 57,235.00 
COROPEUE . once abe a ecb mat els Oe Peek ele ae eee 234° 725.35 26, 249. 23 
 eagrt Us ee Beene eee Ace Ne ae Pee 1143, 078. 27 171,539.14 
Tevpsonl ... cn. hwus 22h hea ea keke hee Ge cee 1 12,041. 10; 1 10, 514.32 
SAG CLAS otis Srclsiote oo ee orem Cele et tee a2 Obata Udis.2 ahs tet eeeeee 1g) 223. 24 
GAVEL... 2 50 dsm cuek bye w ape tek eee. Pawenctae 1 3, 883.19 11,941.59 
BUT C Sod os deeeckl We bute a or Oe ae ante tts 2 14, 344. 98 27,172.49 
Bituminous or waterbound macadam........... 73, 100. 00 35, 000. 00 
Bridges « dihis os wave en ye eee eee eae eae ores 33; 934. 73 16, 967. 36 
Kerth, «.. 0.320 net se tows cmewy RaNeee te one eee ees 115, 462. 16 57, 731. 08 
BYtOR6 qo ais. cx ~ a cealkgtineo Sweweath ale Coen es © aa are 339, 482. 66 169, 741. 33 
TAGYEDD — ora. 5 oh Os Cate EC ale pt ae eee pee es 231, 035. 31 115, 517. 65 
at TG nn's 5a Sk wer eset ee ate yt a eI ats 226, 836. 77 113, 418. 38 
Broken-stone Macadam... vss sd aues eae Joe <oee ee 144, 315. 93 72, 157. 96 
BifumMous CONCISE «deepwater eles ee 315, 847.07 | 157,923. 53 
GYAVE) i ou cp aaswee cone cc ee eae eeh Gee be ene 170, 535. 25 85, 267. 62 
Broken stone and gravel macadam............ xa 127, 138. 99 63, 569. 49 
Reinforced ‘eoncrete. 3. saccle.ooceeemeusnnseoe 142,076. 55 48, 960. 00 
abe LOD Ties 5 As A whe tS store 'g nsw Re eee 319, 409.42 | 121,040.00 
ees IO, danaou aad «es uae n eitew ee db eh arena meee 280, 574. 39 97, 560. 00 
yey WG) af stv me twhs Hin Deckard e see e een eee 333, 634.78 | 111,880.00 
BittmMiMous CONETELO. . i nxseeevrse ue enews ne eam s 121, 331. 54 58, 400. 00 
Bituminous Macadat.. +<.tius abe eks vernal Gene 113, 019. 50 51, 200. 00 
GRAVE] cis adn elke Semaee Vea k ears teak aie ae me 147, 729. 27 56, 810. 77 
TOOS0L c-kit Phe ¥ Se woe cae Bete Oars SEE ach oon 110, 289. 86 55, 144. 93 
GAVE) ./c5 ahabhsetls>vbhannp rene a cae neeawee wee 2 7 633. 94 2 3,816. 97 
TODSOL oa, 2 <5 Beekman OO, wea PERSO ene een 1 19, 557. 40 19,777. 70 
Gravel ls csp cwcavena ueSt Ge aatkese heer eae wees 110, 940.53 | 15,470.26 
CHOTE Ss oa: cab ohh esas ke ees Pee Rees ee ety eS 238, 279.39 | 119,139. 69 
Waterbound macadam............-...-. sews Me 1113, 039. 76 156, 519, 88 
DAO S, x Be wen Ok a ov ae Tele CEE Diels Oe See ae ee 1 31, 534.09 | } 15, 767. 05 
Gravel and rock BSDNAIE Ss seek cn so crv epee ss eae 70, 200. 00 35, 100. 00 
Uyater mund shell. tise sv phatase une es be oes 156, 671. 44 39, 169. 89 
aterbound, Macadanis..<icasidwcutesesmae veer 332, 856.32 | 100,000. 00 
Barth trance camo tray beet Sawa low Rn ey S22 113, 977. 11 43, 494. 28 
CAV ss cake Send SL cctigunscee sete b oe we ee saved 168, 214. 84 63, 500. 00 
5-2 QO, 5 Sn sts Seco ies eRe Ete EAR ee eee ” 837. 86 12,698. 91 
. eee GO. cinta dete ba binn ot te Pek ah elle tke bie aaeee 19 663.65 | 11,010.13 
bites Go ncn Pied ah'h korea tae 6 Soin ee ee Lee ely alae 3 65, 191. 04 332) 595. 52 
Gravel and waterbound macadam chew na atte eka $107, 834.44 | 4 25, 000. 00 
| Surface-treated gravel. caviackiscdcuecece sacaan 2 1 36, 529. 36 | 110,000. 00 
Gravel, surface treated .. i... 52 0.5-.2 ev etme ness ‘ 2 8, 049. 00 2 4,024. 50 
CONCTOUELS 224 ct5 7, See tah sh ew h am Ob ace aren ees 221, 299.66 | 110,649. 83 
GPAVOL. . cy Sas tin cht es 2 Pee bomen eae oes 313, 965.13 | 156, 982. 56 
Barty Jos eck 2a eee volvo setae e buen eee eee i 77, 174.16 | 138,587.08 
GRAVEL). Scales > Cu yet wes ontan sho eh Sacto unas pee 66, 421.78 33, 210. 88 
' Concrete and reinforced concrete........ ee radselees d 408, 648. 92 204, 324. 46 
Waterbound macadam.............. eae gee a 1 16, 557. 70 13) 278. 85 
Via AOL any poh hubris sAC EERE GIRS On aioe a aE 16,467.40 | 13, 233. 70 
UGACE6te 0) 2 bcc Sedo es hte eee shake ienamns 151, 219. 64 75, 609. 82 
PRDATE a oak es kicome ik woe Vig sl Coen oe eee 8, 000. 19, 000. 00 
ans QO Jia te cusks Oouuee sep on Gees et eee tees 79, 875. 00 39, 937. 50 
eee (ee te) egress ee ee eS 62, 600. 00 31, 300. 00 
i#aa% Gi J. 25's UeG% temaehe a} Bouse eee mee abana see | 14,234.89 | 12,472.10 
| CPGV GD tae ae wistaiy iets Sak Wath aleWie TOR gee aren mele ieee etal SE RMS ee 13,039. 39 
| Earth Jan uc cnatthinean te bat Oke owes ene pt eee ney 12 | 1 26, 572. 58 1 8,623. 79 
EE ee i ree wesee/ 982, 292, 92 310, 764. 30 





ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


Applicants are urgently requested to ask only for those publications in which 
they are particularly interested. The Department can not undertake to supply com- 
plete sets, nor to send free more than one copy of any publication to any one person, 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, under the law of 
January 12, 1895. Those publications in this list, the Department supply of whichis 
exhausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 


REPORTS. 
*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5c. 


Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 


DEPARTMENT BULLETINS. 


Dept. Bul. 105. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913. 

. Highway Bonds. 

220. Road Models. 

. Oil Mixed Portland Cement Concrete. 

. Portland Cement Concrete Pavements for Coun- 
try Roads. 


257. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 

314. Methods for the Examination of Bituminous 
Road Materials. 

347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 

*348. Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 

370. The Results of Physical Tests of Road-Building 
Rock. 

373. Brick Roads. 

386. Public Road Mileage and Revenues in the 
Middle Atlantic States, 1914. 

387. Public Road Mileage and Revenues in the 


Southern States, 1914. 

. Public Road Mileage and Revenues in the New 
England States, 1914. 

. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 

. Public Road Mileage in the United States, 1914. 
A Summary. 

. Economic Surveys of County Highway Improve- 
ment. 

. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 

. Convict Labor for Road Work. 

. Earth, Sand-Clay, and Gravel Roads. 

. The Expansion and Contraction of Concrete and 
Concrete Roads. 

. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 

. Standard Forms for Specifications, Tests, Re- 
ports, and Methods of Sampling for Road Ma- 
terials. 

. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

. Highway Cost Keeping. 

. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

. Typical Specifications for Bituminous Road 
Materials. 

. Typical Specifications for Nonbituminous Road 
Materials. 

. Drainage Methods and Foundations for County 
Roads. 

Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 

1918. 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *37. Examination and Classification of Rocks for Road 
Building, Including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 15ce. 

*43. Highway Bridges and Culverts. (1912.)  1ée. 
*45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) lée. 


* Department supply exhausted. 








OFFICE OF PUBLIC ROADS CIRCULARS. 


Progress Report of Experiments with Dust Preventa- 
tives, 1907. 

Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction, 1908. 5c. 

Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

98. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1911. 

Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 

Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.)  5e. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
52. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915. 
59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 
63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 
65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 
72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 
73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 
74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
77. Experimental Roads in the Vicinity of Washing- 
ton, D. C. 
Public Roads Vol. I, No. 1. 


Cir. 89. 
*90. 
*92, 
*94, 


*99. 
*100. 


Automobile Registrations, Li- 
censes, and Revenues in the 
United States, 1917. 


Vol. I, No. 3. State Highway Mileage and Ex- 
penditures in the United States, 
1917. 

Vol. I, No. 11. Automobile Registrations, Li- 
censes, and Revenues in the 


United States, 1918. 

State Highway Mileage and Ex- 
penditures in the United States, 
1918. 


DEPARTMENT CIRCULAR. 
TNT as a Blasting Explosive. 
FARMERS’ BULLETINS. 


IF. B. 338. Macadam Roads. 
*505. Benefits of Improved Roads. 5c. 
597. The Road Drag. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. *638. State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 
727. Design of Public Roads. 
739, Federal Aid to Highways, 1917. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 


Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 


Vol, II, No. 15. 


No. 94. 


Vol. 5, No. 17, D- 2. 


Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced 


Sonerete Slabs Under Concentrated 
Loading. 

. Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement 
Concrete Road Construction. 


3. Toughness of Bituminous Aggregates. 


Vol. 11, No. 10, D-15. Testsofa Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concen- 
trated Loads. 

Vol. 17, No. 4, D-16. Ultra-Microscopic Examination of Dis- 


perse Colloids Present in Bituminous 
Road Materials. 


* Department supply exhausted. — 
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